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transient nature and the number of leukocytes and 
eosinophils generally not so elevated, though 
Zamora and Fluhmann (21) reported cases from 
Chili with leukocyte-values up to 65,000 per cu. 
mm., and an eosinophilia of 77%. 

The syndrome of Lohr-Leon-Kindberg (22), 
chronic pulmonary infiltration with eosinophilia, 
with its severe clinical aspect, is in marked contrast 
with the more quiet course of the tropical eosino- 
philia with its slight elevations of temperature. 

As has already been emphasized, no parasites, 
neither eggs, v.g. eggs of Bilkarsia were found in 
the sputa. As the clinical picture resembled some- 
what the syndrome described by de Langen (6) in 
infection with Strongyloides stercoralis, we gave the 
same treatment, i.e. tartar emetic and the results 
were good; the attacks of asthma disappeared and 
the values for leukocytes and eosinophilics de- 
creased, though an eosinophilia in the peripheral 
blood persisted. In Case 1 a recurrence followed 
after 2 months; treatment with mafarside (method 
of Weingarten) caused the symptoms to disappear 
completely ; a result which has persisted up till now. 
In Case 2 no recurrence occurred and the blood- 
picture remained quiet. 

It is known that tartar emetic does not kill the 
microfilaria but causes them to disappear from 
' the peripheral blood (Das, Roy and Bose) (23) 
during several months. The good results obtained 
with arsenical compounds is remarkable, since it is 
known that salvarsan is ineffective in filariasis 
(Mayer) (24). The treatment with arsenical com- 
pounds is not, always completely effective, as 
Weingarten saw recurrences after 3 or 4 years'. 

We did not succeed in determining the species of 
filariae found in our cases, but up till now only 
Wuchereria bancrofii has been found on Curasao. 
The question why blood filariasis is not combined 
with pulmonary symptoms and hypereosinophilia 
and why the microfilaria did not occur in the blood 
in our cases must remain unanswered. We have 
pointed out already that in infection with macro- 
filana local eosinophilia only occurs after the death 
of the worms (Harts) '(25). 

However, we believe we have demonstrated the 
relationship between tropical eosinophilia and fila- 
nasis and reopened, the discussion of the treatment 
or nlanasis with arsenic. 


SUMMARY 

srrihpH 6 ^ ases tro Pi c al eosinophilia are 

In one case microfilaria could be deir 


strated in the eosinophilic abscesses and infiltrate 
in the enlarged axillary lymph glands. The clinical 
symptoms disappeared after treatment with 
mafarside. In a second case there was myeloid 
metaplasia of an axillary gland, consisting almost 
exclusively of eosinophilic myelocytes. In a third 
case, with wide spread enlargement of the lymph 
nodes, at first a diagnosis of Hodgkin’s disease was 
made; the clinical course and a second biopsy 
showed that it was a case of tropical eosinophilia. 

In a 4th case which came at autopsy after an 
automobile accident hypereosinophilia of the blood 
in the liver was present; the spleen was enlarged 
and the subcapsular pulp contained enormous 
numbers of eosinophilic leukocytes and microfilaria. 
Eosinophilia was also found in the members of the 
family. 

In accordance with the findings of Meyers and 
Kouwenaar, and of Bonne, the authors believe 
they have demonstrated the relationship between 
tropical eosinophilia and filariasis. 

REFERENCES 

1. Giefin, H. Z., Persistent eosinophilia with hyperleu- 

kocytosis and splenomegaly. Am. J. M. Sc. 
158: 618, 1919. l.c. de Langen and Djamil. 

2. Aubertin, C., and Giroux, L., Existe-t-il une 

leuc6mie a 6osinophiles. Presse med., 29: 314, . 

1921. l.c. de Langen and Djamil. 

3. McDonald, S., and Shaw, B., Persistent eosino- 

philia with splenomegaly. Brit. M. J., 2: 966, 

1922. l.c. de Langen and Djamil” 

4. de Langen, C. D., and Djamil, Moiid., Idiopath- ■ 

ische hypereosinophilie. Geneesk. tijdschr. v. 
Nederl.-Indie. deel LXIII, 406-419, 1923. 

5. Arliand-Delille, M. P., and de Pierredon, 

Mme., Hyperleucocytose avec eosinophilie tres ' 
elevee (76%) et splenomdgalie chez un enfant 
asthmatique. Bull. Soc. de pediat. de Paris 25: 
424, 1927. l.c. de Langen. 

C - DE Langen, C. D., Anguillosis 'en het ziektebeeld 
van de ‘Tdiopathische Hypereosinophilie.” Gen- 
eesk. tijdschr. v. Nederl.-Indie. deel 67 973- 
992, 1928. ’ 

7. Vaiaedor, T., Mendoza, R., and Pedrera, J., 

J., Sindrome leucemoide eosinofilico, con imagen 
seudograndlica pulmonar, de forma prolongada y 
evoluci6n regresiva en la infancia. Bol. Soc. 
Cubana de pediat. tomo XI, 207, 1939. 

8. Bass, M. H., Extreme eosinophilia and leukocyto- 

sis; An unusual clinical syndrome of unknown ; 
origin occurring in childhood. Am T Dis 
Child. 62: 68, 1941. 

9. Meyers, F. M., and Kouwenaar, W., Over hy- 

pereosinophilie en over een merkwaardige vorm 


The 

American Journal 

OF 

Tropical Medicine 


VOLUME XXV 


BALTIMORE, MD. 
1945 



ON THE EMPLOYMENT OF QUINACRINE HYDROCHLORIDE IN THE 
PREVENTION OF MALARIA INFECTIONS 1 • 

Mare F. Boyd and S. F. Kitchen 

Station for Malaria Research, Tallahassee, Florida 
Received for publication March 12, 1945 

We wish to record the results of certain ex- were divided into batches containing such numbers 
periments performed to ascertain the degree of of mosquitoes that the presence in each of three 
protection against the acquirement of malaria infected specimens appeared probable. Fourteen 
infections afforded by various dosages of quina- white male patients were arranged in seven pairs, 
crine hydrochloride (atabrine) when administered one of each pair being the test patient, the other 
to patients inoculated with one or more species of the inoculation control. A batch of infected mos- 
malaria parasites at varying levels of inoculation quitoes was applied to each test patient, and three 
intensity. days later the surviving members of each batch 

The drug employed was furnished through the were applied to the corresponding control. The 
courtesy of the Winthrop Chemical Company, mosquitoes were then dissected and examined for 
and was received in original 1000-tablet con- sporozoites. - 

tainers bearing the identifying number BT027. The test patients received 0.1 gram quinacrine - 
Patients were inoculated by the application of hydrochloride twice, after breakfast and after 
'various lots of insectary-reared Anopheles quad- dinner,' on two non-successive days per week for 
rimaculalus which had been experimentally four weeks. The day of the initial dose varied 
infected with Plasmodium vivax, McCoy strain, in relation to the inoculation in different patients, 
or Plasmodium falciparum, Costa strain. After from, the day before inoculation to the fifth day 
the mosquitoes had been used, their salivary subsequent, in steps of one day. Daily blood 
glands were removed by dissection and examined smears from these patients were examined for a 
for the presence of sporozoites. ■ period of six months after the discontinuation of 

The patients were white adult males presumably the quinacrine hydrochloride, 
susceptible to malaria infections. They were Results. The results of this experiment are 

kept under observation and daily blood smears presented in table 1. 

were taken, for a period of at least six months Although all patients comprising the seven 

subsequent to the termination of the course of pairs were bitten by demonstrably infected mos- 
quinacrine. quitoes, the control patients of pairs nos. 2, 4, and 

Experiment A. Single Inoculation with 7 ^ n0t dev f°P an infection, and these pairs 

Plasmodium falciparum T c . onseq f 1 eliminated from further consi- 

deration. In view of the results from the control 
« Purpose. To ascertain the effectiveness of patients, it seems certain that the test patients in 

0.1-gram, doses of quinacrine hydrochloride, given the first, third, fifth, and sixth pairs received 

on two discontinuous days a week, to protect infecting doses of sporozoites. The test patients 

against: inoculations with Plasmodium falciparum ‘ of pairs 1 and 6 transitorily showed parasites 

on a single occasion, when the initial dose is given after appropriate prepatent periods, the other two 

at varying intervals before or after the inoculation, remained negative during a subsequent period of 

Materials and Methods. Anopheline mosquitoes six months. The infection in the four control 

derived from a lot infected with P. falciparum patients became clinically active. 

1 The studies and observations on which this paper Conclusions. The regimen of atabrine employed 
is based 'were conducted with the support of and under a ppa-rently prevented the development of in- 

the auspices of the International Health Division of faction in two test patients, but in two others the 

The Rockefeller Foundation, in cooperation 'with the infection “broke through” but apparently was 

Florida State Board of Health and the Florida State promptly extinguished by the continued ad- 

0S ^ lta ’ ministration of the drug before the parasitemia 
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KALA-AZAR IN THE UNITED STATES 


crithidial or metacyclic form with a partial or a 
complete undulating membrane respectively. It 
is therefore obligatory to secure the cultural forms 
of flagellates in order to differentiate the two spe- 
cies of parasites from each other, . 

The cultural method is an important aid for the 
diagnosis of leishmaniasis and it should always be 
utilized, even though it may take from one to three 
weeks before positive laboratory findings, can be 
secured. Positive cultures can be obtained from 
the peripheral blood as well as from bone marrow. 

It is desirable to inoculate six or more tubes of 
N. N. medium, each with 0.5 to 1 cc. of suspected 
blood. 

In the present study, growth of flagellates was 
observed in about 5 days on N. N. medium that 
had been inoculated with bone marrow and in 16 
to 26 days when such medium had been inoculated 
with peripheral blood. This is in harmony with 
the fact that the smears from the inoculum of the 
bone marrow revealed - many Leishman-Donovan 
bodies; but in those made from blood, with one 
exception, no parasites were found. This probably 
accounts for the earlier cultural growth in the N. N. 
medium which had been inoculated with bone 
marrow. Whenever a speedy diagnosis is desired, 
'the inoculum should be drawn from the bone mar- 
row, even though positive cultures of the flagellates 
can also be secured from the circulating blood. 

Since it is possible to secure positive cultures of 
L . donovani from both bone marrow and peripheral 
blood, the more hazardous splenic punctures can 
and should be avoided. 

SUMMARY 

1. Two exogenous cases of visceral leishmaniasis 
(kala-azar) arc reported. These patients were 
Indian merchant seamen, who had apparently con- 
tracted their infections in Assam, India, apd mani- 
fested their clinical symptoms in the United States. 
(The cases were referred to the hospital with a 
tentative diagnosis of malaria) . 

2. The chief clinical findings consisted of ab- 
dominal distress, high fever with an irregular tem- 
perature curve (“double crisis”), a markedly en- 
larged spleen and a slightly enlarged liver. 

3. The laboratory findings showed leukopenia 
and anemia. All “presumptive tests” such as 
Napier’s aldehyde or formol-gel, Chopra’s anti- 
mony test, and Brahmacharis’ serum globulin or 

. “water test” gave positive results for kala-azar. 

Smears obtained by sternal puncture from bone 
marrow showed many aflagellar forms of Lash- 
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mania donovani , both intracellularly and extra- 
cellularly. These parasites stained well with a. 
combination of the Wright-Giemsa stains. 

Positive cultures of flagellates were obtained 
from bone marrow on blood agar slants (N. N. 
medium). The flagellates grew readily within a 
week, were actively motile, and morphologically 
and culturally were indistinguishable from typical 
Leishmania donovani . 

Positive cultures of Leishmania donovani were 
obtained likewise from the peripheral blood on 
slightly modified N. N. medium and showed a 
growth of flagellates after two weeks of incubation 
at room temperature. , 

The strain of Leishmania donovani isolated both 
from bone marrow and from the circulating blood 
has been subcultured monthly on blood agar slants. 
The flagellates grew luxuriantly, not only in the 
water of condensation, hup also colonized on the 
slanted portion of the medium. The cultural 
forms taken stain readily and well. 

4. Both patients were treated with stibamine 
glucoside and apparently were clinically, cured 
when they were returned to India. 

5. The fact that we have occasionally exogenous 
cases of leishmaniasis in the United States which 
have been diagnosed by specialists, suggests that 
similar, unrecognized cases may occur from time to 
time, and that it is increasingly important that 
clinicians and public health officers be on the alert 
for exogenous leishmaniasis. 
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The world crisis has already reached the stage 
at which plans are being laid for the future inter- 
national organization to preserve peace and ad- 
vance human welfare. The completed plans will 
undoubtedly give prominent place to provisions 
for effective collaboration between nations in 
promoting and protecting health, and wall not 
overlook the outstanding problems of tropical 
medicine. 

War, which might be regarded as a highly viru- 
lent infectious disease of society, is now in the final 
stages of its greatest pandemic. The best thought 
of our statesmen is being concentrated on future 
prevention. It is clearly recognized that to pre- 
vent war the causes of discontent and conflict 
must be diminished, while direct action will have 
to be made possible for application as a last resort. 
Likewise in the field of international health it is 
more important to remove conditions which give 
rise to disease, and to suppress it wherever it is 
first established, than to depend primarily on 
keeping pestilences from moving about after they 
have developed somewhere under neglect. Quar- 
antine measures will still be necessary to curb the 
results of the limitations and failures of the broader 
international effort proposed, just as armed inter- 
vention may be needed at times to enforce peace 
when the more fundamental measures have been 
inadequately or belatedly applied. In the near 
future, however, we may expect to see the quaran- 
tine principle yield its dominant position to the 
more adequate and more friendly concept of help- 
ful international collaboration in the suppression 
of disease wherever it still flourishes. 

Tropical disease has been prominent in the his- 
tory of international quarantine. Plague, cholera, 
yellow fever, typhus fever, and smallpox were the 
diseases specifically dealt with in the International 
Sanitary Convention of 1^26. They included 
the pestilences which frightened nations into their 
early dcsjwrate efforts in health protection through 
ship quarantine. At least four of the five are 

' Presidential Addre$\ t>cforr the American Society 
of Tropical Medicine, St. Louis, November 15, 19TL 


classed as tropical diseases. In a later period 
tropical median e contributed a large proportion 
of those brilliant discoveries and those successes 
in their application, which have made quarantine 
more scientific and effective and less burdensome, 
and have also given hope that most diseases can 
be effectively controlled at their points of origin. 

It would be a poor outlook, however, if we should 
be satisfied with the application of these successes 
of the past and could expect only the application 
of existing knowledge and methods. The very 
rapidit 3 r of the recent advance in tropical medicine 
is indication that a great body of useful knowledge 
still lies ahead and invites discover}'. The mem- 
bers of this Society should accept the challenge of 
the situation and should not fail to ward off the 
slump which might come with tire cessation of the 
special demands of the war. The narrowing of 
certain research fields now specially favored 
should be more than offset by expansions in other 
directions where there has been unavoidable tem- 
po ran' neglect. If we fail to spur the efforts to 
accumulate new knowledge of tropical disease and 
to plan for its fullest application it may become 
difficult to justify this scientific Society. I have 
no fear, however, that tropical medicine in tills 
part of the world vail fail for lack of your interest. 

Soon it will no longer be possible to ex erne delay 
in disease control on the familiar ground that 
“there is a war on’b It will again Ik: jvc*5b!c, 
with reasonable support, to secure adequate per- 
sonnel and materials. With the world war com- 
ing to an end, the war against dise-v c will f till 
be building up. What will be most needed for 
success is wise central planning and the giving of 
advice and assistance to countries with the greatest 
heal tii problems of international intcrc'-t. Here 
is where an effective and prorrenrivr ir.t eras ? b n a 1 
health organisation come/ into our pctcre. 
Without it health progrr‘ r Is Mend ?n t«c *p r -j;y 
in distribution* teaching high kvrb in me coun- 
tries* and leaving others quite cna* to 
disease problems v.hlch may b~ umrwaYv d : ff :u!t 
and of great intermit: wJ iv !r; fs.c: 
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disease itself may lower the power of the country 
to cope with it. 

There are many new factors which increase the 
possibilities of rapid advance in the future control 
of tropical disease under adequate national and 
international organization. The now depleted 
civilian forces against disease will have many new 
recruits who have acquired experience and in- 
terest in tropical diseases while in military service 
in foreign lands, or while engaged in subsidized 
research related to the war effort. The present 
assistance to the teaching of tropical medicine 
in the medical schools should produce a succession 
of new doctors who already have interest and some 
fundamental knowledge in tropical medicine. The 
war-time revelation of the inadequacy of the in- 
struction in tropical diseases has had a salutary 
effect. There is also a growing interest in secur- 
ing greater facilities for post-graduate instruction 
and research in a few selected University Schools. 
This whole movement for adequate education and 
research deserves the fullest support. 

It might be profitable to speculate as to the 
future of malaria control. This disease has al- 
ready been openly threatened with a war of ex- 
termination in the United States after the world 
war ends. ' The recent demonstration in Brazil 
that under certain circumstances a dangerous 
species of anopheline can be exterminated through- 
out a wide area by systematic measures, has led 
to the commencement of similar attempts in South 
America and North Africa even before the end of 
the war. The war-time experience in West Africa 
has emphasized the need for thorough suppression 
of anophelines throughout important malarious 
areas and in vital ports by equally comprehensive 
and vigorous methods. Success in these ventures 
should be possible when the manpower and mate- 
rials and trained leadership become available; 
especially as larvicidal substances more effective 
than paris green wall probably be at hand. 

The planning of the critical first demonstrations 
of complete control in difficult situations should be 
thoroughly done and preferably with central 
guidance, perhaps by a commission created by the 
future international health organization. We 
need a central strategy board which can map the 
places of danger, measure the risks, and make a 
time schedule for the campaign. It could also 
estimate the costs in terms of personnel and mate- 
rials, and propose ways of allocating them. 

Such a commission could decide what quarantine 
and control measures are necessary to prevent 


dangerous species of anophelines from invading 
the malaria-free islands of the Pacific, or again 
crossing the Atlantic to re-establish themselves 
in South America. It could determine the order 
of preference, in relation to danger and need, of 
projects for controlling malaria in the infected 
countries. 

The review of the world situation with regard 
to typhus fever by an international health organ- 
ization or a special commission appointed by it, 
is overdue. The louse-infestation which permits 
epidemics of typhus should be eliminated by 
methods now well understood. Living conditions 
and standards of hygiene should of course be fos- 
tered which would be incompatible with lousiness, 
but in addition the more rapid measures of de- 
busing by simple powdering should be systema- 
tically applied under the direction of the health 
authorities. The body louse should be easily 
exterminated in any threatened area, and then 
there should be no fear of serious epidemics of 
typhus. Such a commission could also decide 
the conditions under which vaccination against 
typhus should be utilized in addition. Certainly 
we should cease to regard certain regions as per- 
manent endemic centres of typhus, when there are 
effective methods for rendering communities non- 
infectible at low cost. What is needed is the 
stimulation and guidance of a central agency in 
which each of the countries involved participates. 

In the case of yellow fever, that most typical of 
tropical diseases, there wall be opportunity for 
still further advances toward complete control. 
The past decade has seen marked improvement in 
methods, but a comprehensive international sys- 
tem of prevention is still to be devised. Only 
through a common plan can all the interested 
countries protect each other and themselves. 
Even our present knowledge should make it pos- 
sible to devise and carry out a yellow fever pro- 
gram which would be a model for international 
disease control. 

With yellow fever firmly entrenched in animals 
and mosquitoes of the tropical forest in South 
America and Africa complete extermination of the 
disease from the world has had to be indefinitely 
postponed. It must at least await new- dis- 
coveries not yet foreseen. In the meanwhile 
local extermination of the urban disease through 
elimination of the vector Aedes aegypti, and the 
confinement of the infection to the endemic areas 
of jungle yellow fever by barrier vaccination can 
most certainly be accomplished. Moreover, in- 
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temational quarantine regulations relating to 
yellow fever can be modernized and liberalized 
so that threatened countries will receive all pos- 
sible protection while restrictions on infected coun- 
tries can be safely reduced if they keep their sea- 
ports and airports and surrounding regions 
noninfectible. 

It would seem that an adequate international 
system of yellow fever control would include five 
essential parts which I shall enumerate: 

1) There should be frequent and adequate sur- 
veys of all endemic and suspected regions, with 
immunity tests of men and animals on a sampling 
basis and with adequate mapping and statistical 
analysis. Only by constant vigilance can we as- 
certain where precautions are needed and avoid 
being taken by surprise from an unexpected quar- 
ter. An international organization is necessary 
for the even exercise of such a function for the 
benefit of all nations. 

2) Barriers should be erected around endemic 
areas of jungle yellow fever through vaccination 
of the inhabitants and the extermination of Aedes 
aegypti if present in neighboring towns. The 
object would be twofold — to protect the local 
people themselves and to keep the disease from 
wandering out in infected persons and starting 
widespread epidemics* 

3) Infected or threatened cities, and particu- 
larly seaports and airports, should be made com- 
pletely non-infectible by the extermination of 
Aedes aegypti . If this is done and there is con- 
stant vigilance to prevent the return of this insect, 
it would be impossible for yellow fever to spread 
if introduced from the jungle. 

4) Adequate international quarantine provisions 
would be needed as a third line of defense to pre- 
vent the conveyance of yellow fever from port to 
port or country to country in case it should pass 
the barrier around the jungle area and find a port 
in which Aedes aegypti has not been fully sup- 
pressed. Yellow fever quarantine measures are 
receiving special attention in the revision of the 
International Sanitary Convention of 1926 and 
the International Sanitary Convention for Aerial 
Navigation of 1933. Convinced that the Office 
international d ’Hygiene publique, on account of 
the war situation, is not now in a position effec- 
tively to carry out the duties assigned to it under 
these conventions, the Council of the United 
Nations Relief and Rehabilitation Administration 
recently approved in principle proposed amend- 
ments bringing the conventions up to date and 


providing for their administration for the time 
being by UNRRA, but without prejudice to the 
return of the functions to the Office international 
d’Hygiene publique. As soon as the new con- 
ventions carrying the amendments have been 
signed or acceded to on behalf of ten or more 
governments, they will come into force. For the 
immediate administration of tire conventions and 
particularly for the determination of endemic areas* 
for purposes of quarantine, UNRRA's Technical 
Committee on Health has set up an Expert Com- 
mission on Quarantine which will cooperate closely 
with the Pan-American Sanitary Bureau. 

5) International facilities for promoting edu- 
cation and research in the health field and for 
exchanging knowledge and experience, is the fifth 
of the essential parts of the program for the con- 
trol of yellow fever, and it would apply equally to 
any other important disease problem. Means 
must be found to encourage and enable health 
officials and medical scientists of the interested 
countries to study and confer wherever the oppor- 
tunities are most favorable. They should meet 
and investigate where disease is active in its nat- 
ural environment and also at centers where med- 
ical science is reaching its highest development. 
Only when research is promoted and knowledge 
freely exchanged shall we acquire a body of par- 
ticipating health administrators and scientists 
able to make a success of the international health 
organization we envisage. 

Classic typhus, cholera, and yellow fever are 
among those diseases dependent for survival on 
correctible conditions. In fact these diseases 
have disappeared completely from -many coun- 
tries which have become practically non-infectible, 
although once ravaged. We know what would 
have to be done to eliminate any one of these 
diseases from the people of any locality. It fol- 
lows that if we are really interested in having 
a healthier world, as well as one safer from war, 
we should begin thinking in global terms. Wc 
should organize our forces to strike wherever 
preventable disease is prevalent, and to apply by 
preference those measures which lead steadily 
to conditions incompatible with its persistence. 
Sometimes this means providing pure water for 
twenty-four hours in the day; sometimes more soap 
is needed and better housing and improved eco- 
nomic conditions for the groups hardest hit. 
There are always, however, additional scientific 
methods of direct attack to hasten victor}’- It is 
obvious that the best effort of each nation as well 
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as of the whole group will be required under ideal 
cooperation, If the vulnerable diseases, including 
especially infectious and nutritional diseases, 
among which many are classed as tropical, are to 
be thoroughly suppressed in our time, there must 
soon be established an effective cooperative world 
health organization, The Health Organization 
of the League of Nations made a good beginning 
‘after the last World War. UNRRA should add 
valuable experience in its developing war-cmcr- 
gency health work. The time is surely ripe for 
setting up the ideal permanent international 
health organization. 

My message to tine Society, as its retiring presi- 
dent, is to urge that each member look beyond his 
own specialty within the broad field of tropical 
medicine and beyond the geographical boundaries 


of the lands plagued by the diseases of his domi- 
nant interest and contribute to the thought and 
statesmanship which will be needed for setting 
up a suitable and acceptable world health organ- 
ization, We can then hope soon to reach a situa- 
tion in which every country, no matter how small 
or how poor, can handle its own problems with 
such central help as may be necessary and can 
cease passing pestilences to its neighbors. 

No country can live to itself in disease preven- 
tion any more than in political relations and com- 
merce. We must reach a state of knowledge, a 
state of organization and a state of mind which 
permit our recognizing that all nations arc allies 
in the fight against disease, and that the' failure 
of one is the failure of all. 
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Individuals, Societies and Nations are bom, 
grow into a vigorous manhood, become aged and 
die. Some organizations possessing unusual vigor 
live a long time, like the Catholic Church which 
has outlasted many nations; and as Macaulay 
wrote “She may still exist in undiminished vigor 
when some traveller from New Zealand shall, in 
the midst of a vast solitude take his stand on a 
broken arch of London Bridge to sketch the ruins 
of St. Paul’s.” 

Is there any reason to suppose that our Country 
will last as long as the Egypt of the Pharaohs or 
as long as ancient Rome? It certainly will not 
last very long under officials who wish to arrogate 
all powers to themselves and to regulate the lives 
of every one of us. 

This country was founded on the idea that only 
the liberties of the people were important, and that 
the State existed solely to serve them. That State 
was best that governed least. How different from 
the present time when it is proposed to subject 
the entire medical profession to the whims of a 
purely political appointee. 

This is not ’a political speech, and I mention 
these facts merely to indicate a condition that 
threatens the health of our medical societies, in- 
cluding those in which we are chiefly interested 
here, The American Society of Tropical Medicine 
and the American Academy of Tropical Medicine. 
All those who are interested in any phase of Scien- 
tific Medicine should put themselves on record 
in opposition to this political brand of socialized 
medicine. 

This Academy of Tropical Medicine is still in its 
lusty childhood. The fact that the Foundation 
of Tropical Medicine is finally functioning, and 
that the teaching of Tropical Medicine in various 
Medical Schools is now endowed is a sign of 
healthy development (1). The American Society 
of Tropical Medicine is considerably older and 
appears to be in its prime. 

1 Presidential Address delivered at the 11th Annual 
Dinner Session of the American Academy of Tropical 
Medicine, St. Louis, Mo., November 15th, 1944. 

* Colonel, United States Army, Retired. 


Tropical Medicine was bom in this Country as 
the result of our acquisition of the Philippines and 
received its preliminary education there and in 
Panama. At present it is taking its college course 
in our South Sea Island adventures. Tropical 
Medicine in the British Empire is considerably 
older, and even has a history as typified in the 
able and interesting History of Tropical Medicine 
by Scott published in 1939. 

Abandoning these figures of speech, The Amer- 
ican Society of Tropical Medicine was organized 
March 9, 1903. In 1913, just ten years afterward 
there were 121 active members. In 1921 the mem- 
bership had declined to 108, and possibly the only 
reason the society survived at that point was the 
able editorial policy of the American Journal of 
Tropical Medicine. By 1935 the membership 
had increased to 429, and at the present time in 
1944 it is approximately 1,200. 

This sudden growth, together with the multi- 
plication of Textbooks of Tropical Medicine, and 
the increasingly serious teaching of Tropical Medi- 
cine is undoubtedly due to the encounter with 
tropical diseases in the Pacific Islands, and to our s 
fear that many of these diseases may be introduced 
into the United States by our returning soldiers 
and sailors. 

Since it is a common experience for these en- 
thusiasms to evaporate and for society member- 
ships to decline after a war is over, our first 
problem is how to maintain that interest. One 
method is to insist that teaching of Tropical 
Medicine must be continued in our medical 
schools as a regular subject (2). 

Before the War there were courses of tropical 
medicine in certain schools, but they were step- 
children. In the School with which I was con- 
nected, it was an elective, and I flattered myself 
that the course was fairly interesting because I 
usually got about half the class. We insist that 
it must be a required subject in all medical 
schools. Practically all graduates are going to 
have an opportunity to see and treat certain 
tropical diseases, while very few of them will ever 
practice surgery. 
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I also hope that all of the Pacific Islands that 
do not belong to England or China will be kept 
permanently by the United States. If we are 
capable of learning by experience, it should be 
evident that we cannot entrust these islands to 
any other Power. We have purchased them at 
the expense of much blood and treasure. Even 
in the Philippines, although we may give them 
their freedom, it must be understood that we will 
keep Corregidor, Cavite, and keep troops stationed 
at key positions. The Filipinos must know by 
this time that they can never defend themselves, 
and only a great naval power can do so. 

If we keep the Pacific Islands, we will be com- 
pelled to maintain garrisons in them and tropical 
diseases will become a continuous problem. I 
trust that the solution of these problems will lead 
to the formation of more Army Boards for the 
study of Tropical Diseases like the board in Ma- 
nila, first established by Strong, where so many 
investigations on Tropical Diseases were carried 
out. In any case, our Army and Navy surgeons 
will undoubtedly make large additions to our 
knowledge, and we may expect that they will be- 
come members of our societies and so maintain 
their growih and increase the interest of our meet- 
ings. 

What of the danger of importation of Tropical 
Diseases into the United States? I am not one 
of those who think that this danger is great. Since 
both malaria and amebic dysentery, or amebiasis, 
if you prefer that term, are prone to relapse after 
apparent cure, it may be assumed that some of 
these cases will be returned to the United States. 
This need not alarm us. In the first place, the 
sendees wall undoubtedly do the best they can to 
eliminate these infections before the men are dis- 
charged into the civilian community. So far as 
the Army is concerned, a special treatment center 
was opened on September 1, 1944, at Moore Gen- 
eral Hospital, North Carolina, for the treatment 
of malaria and other tropical diseases. The w'ork 
is being supervised by the Tropical Disease Branch 
of the Medical Division of the Surgeon General's 
Office. I am not so familiar with the Navy, but 
I assume that they are at least as active. 

But even if men are discharged with these in- 
fections, it is only fair to state that they are no 
novelty to any part of the United States. Melcney 
(3) has shown that in 1934 the mortality from 
malaria in 13 Southern States was 3,900, as much 
as the combined figures for t}-phoid and diphtheria. 
Our experience with amebic dysentery in Chicago 


hotels in 1933 is not yet forgotten, and Craig, 
Meleney, Faust, and other of our members have 
shown how widespread is this disease in the United 
States, from Virginia to California, and from 
Michigan to Florida and Louisiana. But if a 
few more cases are added to our endemic infection, 
at least we can say that we know more about these 
diseases than former^; and that more physicians 
have been trained in diagnosis and treatment than 
ever before, largely owing to the efficient teaching 
of Tropical Medicine to numbers of physicians 
by Strong, Madrie and others at the Army Med- 
ical School, and at the School of Tropical Medicine 
headed by Faust at Tulane University. 

For amebiasis, we have three more or less spe- 
cific remedies, emetine, arsenicals and quinoline 
derivatives. And although we may be somewhat 
short of quinine at present, w T e have learned that 
svmthetic atabrine (4) is even better, since, when 
properly administered, there is evidence of cura- 
tive effect in falciparum malaria, and, further, that 
it will prevent consistently the development of 
falciparum malaria, the only form of malaria 
responsible for most of the deaths. 

It remains as one of our future problems to dis- 
cover a drug that will destroy the sporozoites of 
all forms of malaria. Will anyone believe that 
this is impossible to our synthetic chemists in view 
of what they have already accomplished? When 
that drug is achieved, we will be in a position to 
prevent infection by mosquitoes with proper 
prophylactic doses, and the final conquest of 
malaria will become a possibility. 

What diseases in addition to malaria and 
amebiasis can be introduced among us? We 
think first of mosquito-borne diseases like yellow 
fever and filariasis. Remembering the introduc- 
tion of Anopheles gambiac from Africa hy airplane, 
it seems eas} r to bring y ellow fever in the same w’ay. 
Proper precautions are already being taken against 
this danger. As described by C. L. Williams (5) 
airplanes from danger spots are repeatedly fumi- 
gated to prevent the importation of infected Acdcs 
mosquitoes. Individuals who fly from infected 
ports are followed by the various health officials 
after they land for nine days after the last possible 
exposure to yellow fever, to be certain that they 
do not develop the disease after landing. 

Filariasis due to Wuchcreria bancrofli is more 
likely to be transmitted here, because the para- 
site may be transmitted by a considerable number 
of both genera and species of mosquitoes; because 
a number of infected cases have already been rc- 
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turned to the United States, and because we have 
already had one endemic focus in the Carolina?. 
Although this infection did not spread and has 
probably now died out, we have no proof that other 
eases introduced wall be so limited. At least we 
have no reason to dread the resulting elephantiasis 
which apparently occurs only in very heavy in- 
fections. Filariasis was found to be rather 
widely disseminated in the Philippines, but there 
was very little elephantiasis, nor did I ever hear of 
a white man developing elephantiasis. 

Nevertheless, one of our most urgent future 
problems, is to discover a reliable cure for this in- 
fection. Nor is this a hopeless investigation. 
We already have the clue. Wright and Under- 
wood (6) reported in 1934 that Fuadin destroyed 
Dirqfilcria imtnitis or heart worm of dogs. Cul- 
bertson and Rose (7) reported in 1944 that cotton 
rats naturally infected with filariasis have been 
successfully treated with stibaminc glucoside. 
It has also been shown that this drug is well toler- 
ated by man in comparatively large doses. Still 
more recently Brown (S) has treated twelve human 
cases of filariasis (1 Yuchcraria bancrojti) with 
lithium antimony thiomalatc. The treatment 
reduced microfilaria counts from 85-100 per cent, 
and the reduction was maintained 4-5 months, 
so that presumably a corresponding number of 
adult worms were killed. Since schistosomes arc 
also destroyed by antimonial preparations, it 
appears probable that after some experimentation 
we shall shortly find the ideal antimony com- 
pound for the destruction of the various filariae 
parasitic in man. 

Many diseases that are common in the tropics 
cannot spread here for various reasons: first, because 
the vectors do not live here, which excludes the 
importation of human trypanosomiasis, (excepting 
Chagas’ disease) leishmaniasis, kala azar,and prob- 
ably schistosomiasis. Our food habits exclude 
Paragonimus since we do not eat raw crabs or cray- 
fish, in which the encysted cercariac live. For sim- 
ilar reasons, Clonorchis sinensis , Fasciolopsis buski 
and other parasites will fail to spread. Our methods 
of sewage disposal, and the fact that all soldiers usu- 
ally wear shoes, mean that relatively few hookworms 
and other intestinal parasites will be imported or 
transmitted here. Few white men acquire yaws. 
Gonorrhoea is now cured in a few days by com- 
bined sulfa compounds and penicillin. Even 
syphilis is now yielding rapidly to penicillin, 
though as yet we do not know how permanent 
these results will be. At least we may be assured 


that there will be no great influx into this country 
of any of the venereal or trcponcmatous infections. 

One problem we have had before us for forty 
years; I refer to plague. Plague, originally con- 
cealed in San Francisco, was eventually suppressed 
there, but before that time the ground squirrels 
had become infected. This wild rodent plague 
has resulted in two serious outbreaks of human 
plague in California; in 1919 with 13 cases and in 
1924 with 32 eases and 30 deaths. This is bad 
enough, but rodent plague has been extending 
steadily from State to State until in 1940 ten 
States were infected: California, Oregon, Washing- 
ton, Idaho, Montana, Nevada, Utah, Wyoming, 
New Mexico and Arizona (9). Its spread East- 
ward is probable. We already have Rocky Moun- 
tain spotted fever in Virginia, Maryland and the 
District of Columbia. Plague has been demon- 
strated in fourteen species of ground squirrels; 
in flying squirrels, chipmunks, field mice, wood 
rats, kangaroo rats, the cotton rat, and in rabbits 
as well as in domestic rats. This is not guesswork. 
Experimental inoculations with fleas, lice, and ticks 
removed from these naturally infected rodents 
have resulted in plague in laboratory animals. 
We are apparently helpless in the face of this prob- 
lem. The public health authorities have been 
working all these years to eradicate plague in 
wild rodents by means of poisoned baits, trapping 
and other usual methods, and in spite of these 
efforts the spread of rodent plague has been con- 
tinuous. 

I can offer no solution to tills problem and merely 
state it. It is evident that we must be prepared 
to diagnose and treat the cases of human plague 
that may occur at any time. Fortunately there 
is some reason to believe that we are better pre- 
pared to treat human plague. Concentrated anti- 
plague scrum has been shown to be four times as 
potent as the plague serum formerly used, and 
animal experiments have indicated that when 
plague infected they may be saved by the ad- 
ministration of sulfathiazole even after septicemia 
has occurred. 

Infectious hepatitis is another important prob- 
lem. This disease has affected troops in Northern 
Africa and the Levant. It has a small but defi- 
nite death rate, but as individuals are ill from four 
to six weeks, the morbidity rate is very high. 
We need not worry about importation of infectious 
jaundice for the disease is not limited to the tropics, 
but can be seen almost daily during the season in 
any of our larger hospitals in the United States. 
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A considerable number of cases of infectious 
hepatitis were produced in officers and men inocu- 
lated with certain strains of yellow fever vaccine. 
Investigation led to the conclusion that these 
cases were caused by the serum with which they 
were mixed. It had nothing to do with immuniza- 
tion to yellow fever per sc, and other lots of yellow 
fever vaccine were innocuous except as they pro- 
duced immunity to that disease. The fact that 
only certain lots of serum contained the infectious 
agent of hepatitis, indicates that infectious hepa- 
titis is caused by a virus which is present in the 
blood. It has been reported that the virus of this 
form of hepatitis has been cultivated on the de- 
veloping hen’s egg from the duodenal fluid of 
patients (10). Sams (11) states it is known that 
the virus is in the blood, particularly in the pre- 
icteric state, and that it can be transmitted to 
others by direct inoculation of the blood. A study 
has been made of the epidemiology of one out- 
' break in Northern Africa, and a commission has 
been working on the problem of how the disease 
is transmitted. It seems probable that such a 
virus can only be conveyed from person to person 
by biting insects. Sams suspects Aedes aegypii 
because “after an unusual so-called wind-borne 
flight of these mosquitoes into an area in which 
certain troops were located, an outbreak of in- 
fectious hepatitis subsequently developed.” If 
this is correct the disease is transmitted at least 
part of the time by the same mosquito that is 
responsible for yellow fever and dengue. I have 
some doubt that this is the sole method of trans- 
mission. The disease occurs in the United States 
in areas where Acdcs hardly if ever occurs. It 
is possible that in these localities it is transmitted 
by other species of mosquitoes, though biting 
flies and ticks must be considered and proven or 
excluded. It is urgently necessary to discover 
the method or methods by which this disease is 
transmitted, for only in this way can it be pre- 
vented. 

At present such cases can only be treated by 
high protein, high carbohydrate, low fat diets. 
No medicinal agent is known. While we have had 
little success in the past in developing specific 
therapy for virus diseases, the effort should not be 
abandoned. Who would have supposed ten years 
ago that we would have a gents at our command 
like the sulphones and penicillin? There is also 
the possibility of developing either an anti-scrum 
or a vaccine. 

Another problem before us today is that of the 


vitamins. As the result of the investigations of a 
long series of workers from all countries, the eti- 
ology of the deficiency diseases, scurvy, beriberi, 
pellagra and rickets was elucidated. Startin 
with Williams (12) who synthesized thiamin, 
long series of vitamins have been synthesized. 
This has led to cheap production and easy sale. 

From the earlier investigations we were accus- 
tomed to think of deficiency diseases as caused by 
the lack of specific vitamins. Scurvy was due to 
the deficiency of ascorbic acid; beriberi to the de- 
ficiency of vitamin B i or thiamin; pellagra was 
caused by the deficiency of nicotinic add. This 
conception was developed from experimental work 
on animals fed synthetic diets, often deficient in a 
single vitamin. But from the beginning none of 
these animal diseases was quite the same as dis- 
ease in man. So far as human beings are con- 
cerned, deficiency diseases arise from the use of 
more or less definite diets which are not only mo- 
notonous, but can quite readily be shown to be 
lacking in several vitamins. Scurvy as it occurred 
among sailors for some two hundred }>ears was 
produced by a diet of salt meat and sea biscuit, 
and this diet is not only deficient in ascorbic add 
but also in thiamin producing edema and sudden 
cardiac death, and in vitamin A resulting in night 
blindness . There were other probable deficiencies . 

The complete clinical picture of pellagra, as 
we have learned from the work of Spies and his 
collaborators is not only principally caused by the 
lack of nicotinic add but by the additional de- 
ficiencies of thiamin, riboflavin pyrodoxin and 
pantothenic acid. The same thing is true of beri- 
beri, usually produced on a rice and fish diet which 
also has multiple deficiendes. 

What is worse, in addition to outright deficiency 
diseases, it has been found that the deprivation of 
any of these elements leads to vague symptoms and 
a substandard state, long before the corresponding 
disease is fully established. 

Although this work is sound, and vitamins are 
real chemical compounds that are absolutely essen- 
tial dietary ingredients, the popularization of this 
work has led to a vitamin craze. If we read a 
newspaper our eyes are assailed, and if we listen 
to a radio program our ears are insulted with the 
grossest misstatements about the absolute neces- 
sity of taking John Smith’s vitamin formula if we 
would ,cnjoy good health and have the proper sex 
appeal. As the result of all this organized ad- 
vertising, in 1943 the public spent 179 million 
dollars for vitamins. How much better and 
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cheaper to buy the foods containing them (13). 
There are almost certainly other vitamins than 
those already identified. We have been in the' 
habit of instructing patients to eat several eggs a 
week. It has recently been shown that we are 
quite unable to synthesize the simple methyl 
group CHs> which must be furnished in our food. 
The only amino-acid that contains a methyl group 
is methionine, and diets built upon proteins that 
do not contain methionine will not support life in 
experimental animals. But they will begin to 
grow again rapidly if choline is added to the diet 
because choline contains three methyl groups. 
The yolk of egg consists largely of lecithin, and 
the main ingredient of lecithin is choline. Thus 
we can supply plenty of methyl groups in eggs, and 
they cannot be purchased in the drug store. Oil 
of wintergreen is methyl salicylate, but investiga- 
tion has shown that these simple methyl com- 
pounds cannot be utilized by the body. 

While we find many poorly nourished patients 
in our hospitals, outright deficiency diseases are 
unusual in most sections of our country. It is 
preferable to feed these patients proper diets 
rather than to give vitamin mixtures. These 
should be reserved for the patients who, for one 
reason or another, are compelled to eat a limited 
one-sided diet. In the hospital where I work at 
present, instead of administering ascorbic add, 
the physician is compelled to order orange juice, 
even if the orange juice costs more than the syn- 
thetic vitamin. This for the very good reason 
that when the patient leaves the hospital, he will 
not go to the drug store to buy ascorbic add, but 
to the grocery to purchase oranges. Fresh orange 
juice not only has half a milligram of ascorbic add 
per Cubic centimeter, but has many other valuable 
food ingredients including sugar and two other 
vitamins. 

It should be the duty of all physicians, including 
ourselves, to instruct patients what foods must be 
supplied in order to furnish proper nutrition. 
Fortunately most of these foods are not rationed. 

There are many other problems that I would 
like to touch upon did time permit. Typhus is 
such a problem and its prophylaxis and treatment 
require experimentation (14). 

You will all understand that I have made no 
attempt to be encydopedic in this address. 
There would be no purpose in such a discussion 


before a gathering composed of experts in Tropical 
Medicine. I would have preferred to be silent and 
listen to some one else of this group. Since I 
have been compelled by the office to speak, I 
have tried to express a point of view that would 
be both scientific and common sense. I hope that 
most of you will agree with me. 

REFERENCES 

(1) Annum R. Crawford. Finandal Support of 

Tropical Medicine. Am. Joum. Trop. Med., 
24: 213, May 1944. 

Markle Foundation supports Study in Tropical 
Medicine. Editorial note, J. A. M. A., 122: 
1189, Aug. 21, 1943. 

(2) Henry E. Meleney. Report on the Program 

for Improving the Teaching of Tropical Medi- 
cine. Am. Joum. Trop. Med., 24: 209, May 
1944. 

(3) Henry E. Meleney. The Problem of Malaria 

Mortality in the United States. Am. Joum. 
Trop. Med., 17: 15, 1937. 

(4) Report of Board for the Coordination of Malaria 

Studies. Quinacrine hydrochloride (Atabrine) 
\ for Malaria. J. A. M. A., 126: 977, August 5, 
1944. 

(5) C. L. Williams. Yellow Fever During the War. 

Am. Joum. Trop. Med., 24: 245, July 1944. 

(6) Wright and Underwood. Fouadin in the Treat- 

ment of Infestations with Dog Heaxtworm, 
Dirofilaria immiiis . Veterinary Medicine, 24: 
234, June 1934. 

(7) Culbertson and Rose. Chemotherapy of Filar- 

iasis. Science, 99: 245, March 24, 1944. See 
also J. A. M. A., 126: 213, May 20, 1944. 

(8) H. W. Brown. Treatment of Filariasis {Wuch- 

ercria bancrofti) with Lithium Antimony thio- 
malate. J. A. M. A., 126: 952, Aug. 5, 1944. 

(9) Hampton, B. C. Plague in the United States. 

Public Health Reports, 66: 1143, June 28, 1940. 

(10) Problems of Infectious Jaundice. Editorial J. A. 

M. A., 122: 1186, Aug. 21, 1943. 

(11) Crawford F. Sams. Medical Problems in the 

Middle East. Annals Int. Med., 21: 215, Aug. 
1944. 

(12) Williams and Spies. Vitamin Bi. The Mac- 

millan Co., New York, 1938. 

(13) The High Cost of Vitamin Therapy. Editorial 

Note, J. A. M. A., 126: 33, Sept. 2, 1944. 

(14) Prophylaxis of Spotted Fever. Editorial J. A. M. 

A., 126: 210, May 20, 1944. Also, The Thera- 
peutic Effect of Para-aminobenzoic acid in Louse 
Borne Typhus Fever. Yeomans, etc., J. A. 
M. A., 126: 349, Oct. 7, 1944. 




THE COMPLEMENT FIXATION TEST IN THE DIAGNOSIS OF 

YELLOW FEVER 1 

Comparative Value op the Serologic and Histopathologic Methods 

op Diagnosis 

Edwin H. Lennette and Alina Perlowagora 2 
Received for publication September 28, 1944 


Hughes (1), in his study on the precipitin reac- 
tion in yellow fever, observed that there was no 
parallelism between the virus content and the 
precipitinogen content of a serum; the amount of 
precipitinogen in the serum, however, varied 
roughly with the severity of the infection, and he 
suggested, therefore, that the precipitinogen may 
represent a foreign protein arising from tissues 
damaged by the action of the virus. 

An analogous situation obtains as regards the 
complement-fixing antigen of yellow fever (1, 2). 
If the antigen is a product of cellular damage 
'provoked by the virus, it is conceivable that the 
liver, which in fatal cases of infection is almost 
invariably, and frequently severely, involved, 
might constitute one of the sources of origin of the 
antigen. If this be true, there arises the question 
of the specificity of the antigen; i.e., is the antigen 
the result of subtle chemical alterations produced 
within the liver cells by the virus of yellow fever 
per sc, and only by the virus, or is it elaborated 
by some pathologic process whose end result may 
be difficult or impossible to distinguish microscopi- 
cally from that of yellow fever. Information on 
the latter point is of some consequence, since it 
was previously shown (2) that the complement- 
fixing antigen appears in the blood early in the 
course of the experimental disease and that its 
demonstration may be a more accurate means of 
diagnosis than is microscopic examination of the 
liver. In the present communication, therefore, 
wc wish to report on observations concerning the 
specificity of the antigen and the comparative 

1 The work on which these observations arc based 
was carried out with the support and under the aus- 
pices of the Scrvico dc Estudos c Pesquisas sObrc a 
Fcbre Amarcla, winch is maintained jointly by the 
Ministry of Education and Health of Brazil and the 
International Health Division of The Rockefeller 
Foundation. 

* From the Scrvico dc Estudos c Pesquisas sibre a 
Fcbre Amarcla, Rio dc Janeiro, Brazil. 


value of the serologic and histopathologic methods 
in the diagnosis of experimental yellow fever. 

MATERIAL AND METHODS 

Tannic add . Animals were inoculated subcu- 
taneously with freshly prepared 5 per cent solu- 
tions of tannic acid (Baker’s C.P.) in distilled 
water. The dosage, which ranged from 50 to 
500 mg. per kg. of body weight, is given under 
each experiment. 

Serum antigen . Serum specimens to be ex- 
amined for the presence of antigen were diluted 
1:5 with physiological salt solution and inacti- 
vated in a water bath for 30 minutes at G0°C. 

Liver antigens . The technique previously used 
for brain antigens (3) was applied to the prepara- 
tion of liver antigens, except that isotonic salt 
solution without serum was used as the suspend- 
ing medium and the supernatant obtained after 
the final centrifugation was filtered through a 
Seitz EK pad. 

Complement-fixation tests . Examination of tis- 
sues for complement-fixing antigen was conducted 
according to the method previously described 
(2, 3). Serial twofold dilutions were made of the 
antigen preparations, beginning with 1:5, and 
tested against a 1:4 dilution of pooled immune 
monkey serum of known fixing potency and a 
1:4 dilution of pooled normal monkey serum. 
Monkey or marmoset sera known to contain the 
antigen were included in cveiy test as controls. 

Microscopic examination of tissues . Small por- 
tions of liver were fixed in 10 per cent formol- 
salinc and embedded in paraffin after dehydration; 
the cut sections were stained with hematoxylin 
and cosin. 

To check on the presence of the intranuclear 
inclusions described by Xicolau ct al. (4), blocks 
of liver were fixed in Duboscq-Braril and the sec* 
tions were stained by Mann’s method. 
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EXPERIMENTAL 

The lesions occurring in the liver in yellow 
fever have been described by Councilman (5), 
da Rocha Lima (6), Hudson (7), Magarinos 
Torres (8), EJotz and Belt (9), Laemmert (10), 
and others; the microscopic findings considered 
as classic for yellow fever have recently been 
succinctly summarized by E. Villela (11). Con- 
siderable experience is required to make a diag- 
nosis of yellow fever on the basis of the microscopic 
examination of the liver alone, for example of 
human specimens secured by viscerotomy, since 
the lesions produced in the liver by the yellow 
fever virus closely resemble those of acute yellow 
atrophy and possess several features in common 
with lesions produced by other viruses (9). Un- 
questionably there exist other conditions whose 
effects on the liver may be confounded with those 
of yellow fever; thus Belt (12) has reported that 
persons with fatal bums which had been treated 
with tannic acid were found at autopsy to present 
severe liver damage, with midzonal necrosis, 
Councilman lesions, and intranuclear inclusions, a 
pathologic picture practically indistinguishable 
from that seen in yellow fever. Wells, Humphrey, 
and Coll (13) and Erb, Morgan, and Farmer (14) 
have recently reported similar observations on 
persons with fatal bums treated with tannic add, 
and the toxic action of this agent on the liver has 
been demonstrated in mice, rats, guinea pigs, 
rabbits, and goats (15-18). 

Because of this dose similarity between the 
lesions provoked by tannic acid and by yellow' 
fever virus, experiments w'ere undertaken to de- 
termine (a) the extent to which the microscopic 
picture produced in the liver by the acid might be 
confused vrith that evoked by the virus and (b) 
whether the identicalness of the microscopic le- 
sions in the two conditions is attended by the pres- 
ence in the blood of identical complement-fixing 
antigens. Twenty-one Brazilian marmosets (Cal- 
Uthrixjacchus) and two monkeys (Macaca mulatto) 
were used in the tannic add work, and the results 
were compared with those obtained in 10 marmo- 
sets and four monkeys infected with yellow' fever 
virus. 

Ten marmosets (nos. 1-10 in table 1) were 
inoculated subcutaneously with tannic add in 
doses varying from 150-500 mg. per kg. of body 
weight. Nine of the animals died suddenly within 
4$ to 72 hours after inoculation, and the tenth 
animal was found dead on the seventh post- 


inoculation day; none of the animals had shown 
toy obvious signs of illness. It w*as possible to 
obtain suffident serum for serologic examination 
from only four of the animals post mortem, but 
the livers of all were removed for serologic and 
histologic study. Microscopic examination of 
the livers revealed that the add had produced 
relatively little damage. This w'as attributed to 
the rapidity with which injection of a single 
large dose of the add resulted in the death of the 
animal; and to allow r the destructive process to 
act over a longer time, a second series of animals 
(Marmosets nos. 11-21) was inoculated repeatedly 
with smaller doses of the add. Six marmosets 
Were inoculated subcutaneously with doses of 
100 mg. per kg. of body weight and five with 
50 mg. par kg. of body weight Eight of the 
animals were given daily injections up to the time 
of death, which occurred from 4 to 7 days after 
the first injection; in three animals, interposition 
of a rest period of 4 days between the first and the 
subsequent injections lengthened the survival time 
to 8 to 12 days. 

In addition to the marmosets, tw'O monkeys 
were inoculated. A dose of 250 mg. per kg. of 
body weight w'as used, and tw r o injections w'ere 
given. To one monkey the second dose W'as ad- 
ministered 10 day's after the first and to the other 
the second dose w'as given 13 days after the 
first; the animals died on the twelfth and the four- 
teenth day, respectively', after the first injection. 

Since the complement-fixing antigen was al- 
ways found present in the blood of marmosets and 
monkeys succumbing to yellow' fever virus infec- 
tion (2) the animals that had been treated with 
tannic acid wxrc bled when moribund; in several 
instances blood was taken post mortem. Several 
animals wxre bled at intervals during the course 
of the injections in order to follow' the appearance 
of antigen, if any were produced. 

The results of the serologic and histologic stud- 
ies are presented in table 1, in which the animals 
arc listed according to the dosage of tannic arid 
given. 

It will be observed that the sera of 17 animals 
were tested for the presence of antigen capable of 
giving fixation vrith yellow fever immune scrum, 
and all were found to be negative. Likewise, 
the livers of all 23 animals were found to contain 
nc> demonstrable antigen. (Acute-phase yellow 
fever sera, used as antigen controls, gave positive 
fixation tests in dilutions as high as 1 :640 or 
1:1250). 
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With one exception (Monkey no. 1), necrosis, 
although variable in amount and distribution, 
was seen in the liver of all the animals, regardless 
of the dosage of tannic add used. Hyaline ne- 
crosis (Countilman lesions) with a scattered, 
midzonal distribution, a picture regarded as typ- 
ical of yellow fever, was seen in the livers of all 
but one of the animals, as shown in table 1 . Acido- 
philic intranuclear inclusions, indistinguishable 
from those described for yellow fever by Torres 
(8), and Cowdry and Kitchen (19) were found 
in the liver of 14 of the animals. The number of 
indusions observed in the sections varied con- 
siderably between animals, but in the present 
series of experiments they were found much more 
regularly in marmosets inoculated with tannic 
add than in marmosets succumbing to inocula- 
tion of yellow fever virus. Fatty degeneration 
was present in 19 of the 23 livers; in the patho- 
logic description, the degree in seven was reported 
as “marked” and in 12 as “moderate.” 

A description of the microscopic lesions found 
in the livers of marmosets and monkeys damaged 
by tannic add, together with a comparison with 
the lesions produced in the livers of the same spe- 
' des by yellow fever virus, will be published in 
detail later (20); from the present brief descrip- 
tion, however, it is evident that a basis for con- 
fusion in diagnosis exists. The difficulty in 
distinguishing, at least in marmosets, between 
damage produced by tannic acid and that pro- 
duced by the virus is emphasized in table 1: 
in 13 of the 21 animals, a diagnosis of “positive 
for yellow fever” was returned by a pathologist 
with a wide experience in the examination of 
human and animal yellow fever material. 

Nicolau, Kopciowska, and Mathis (4) reported 
the occurrence in the yellow fever liver of intra- 
nuclear inclusions which they believe to represent 
the virus, and to be different from the classic in- 
clusions, which arise from oxychromatic degen- 
eration of the nudeus. These authors regard 
the presence of the inclusions described by them 
as pathognomic of yellow fever; and since, from 
Belt's publication (12), it was assumed that the 
lesions caused by tannic acid might in some cases 
be indistinguishable from those caused by the 
yellow fever virus, portions of liver were fixed 
in Duboscq-Brasil, as well as in formalin, and 
stained by Mann's method, as recommended by 
the French workers. The Nicolau yellow bodies 
were found in 16 of the 21 marmoset livers and in 
one of the two rhesus livers; these bodies, there- 


fore, cannot be considered as specific for yellow 
fever. 

In summary, it was found that in experimental 
animals the microscopic lesions produced in the 
liver by tannic acid frequently were indistinguish- 
able from those produced by yellow fever virus and, 
moreover, that in the animals treated with tannic 
acid, no antigen capable of fixing complement in 
the presence of yellow fever immune sera was 
demonstrable. 

The blood of animals infected with the virus, 
however, contains such an antigen and, as is 
shown in table 2, the antigen was present even in 
those cases where the liver lesions were minimal 
or whose character did not permit of unequiv- 
ocal diagnosis of yellow fever. The animals 
listed in table 2 were inoculated with different 
strains of yellow fever virus and were bled when 
moribund or when signs of infection had de- 
veloped. The sera were tested for the presence 
of virus and of complement-fixing antigen; and 
the livers, removed at death, were examined for 
antigen and for the presence of lesions. It will 
be noted that Councilman lesions were not found 
in four of the 10 marmosets or in three of the four 
monkeys examined; the / livers of the remaining 
animals showed varying degrees of necrosis and 
fatty degeneration. Despite the fact that these 
animals had been inoculated with virus, which was 
demonstrable, and usually in high titer, at the 
time of death, the microscopic diagnosis in four 
marmosets and two monkeys was returned as 
“negative for yellow fever” and in three marmosets 
and two monkeys as “questionable positive”; 
only three animals of the 14 were diagnosed as 
positive. 

The complement-fixing antigen was readily 
demonstrable in the blood of all 14 animals, 
however, so that its demonstration not only 
served to differentiate yellow fever virus infection 
from another condition whose pathologic picture 
in the liver may be indistinguishable from that 
of yellow fever, but also provided a means of ar- 
riving at a diagnosis in cases where microscopic 
diagnosis was impossible because of the character 
of the lesions produced by the specific virus. 

COMMENT AND SUMMARY 

There appears to exist no fixed relationship 
between the clinical severity of yellow fever virus 
infection and the amount of damage found 
in the liver at death (9), and in some, though in- 
frequent, instances, the liver changes in rapidly 
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dusions 

Positive for 
yellow fever 

26 

6th 

5th 

+ 

present 

X 

+ 

+ 

+ 

Congestion, few* necrotic 
cells, few inclusions 

Positive for 
yellow fever 

27 

6th 

6th 

+ 

present 

present 

■ 

B 

- 

Extensive lymphocytic 
infiltration 

Negative for 
yellow fever 

28 

6th 

6th 

+ 

present 

present 

I 

H 

+ 

Normal picture 

Negative for 
yellow fever 

29 

6th 

6th 

| 

present 

present 


■ 

+ 

Moderate necrosis, con- 
gestion 

Positive for 
yellow fever ? 

30 

7th 


1 

present 



1 

+ 

i 

' Slight necrosis, severe 
fatty degeneration, con- 
gestion 

Positive for 
yellow fever ? 

31 

8th 


1 

present 


1 

H 

- 

Normal picture 

Negative for 
yellow fever 

Mon- 

key 

3 

5th 

5th 

+ 

present 

present 

\ 

4 

- 

+ 

Intense necrosis, conges- 
tion 

Positive for 
yellow fever ? 

4 

9th 

5th 

4 

present 

none 

- 

- 

+ 

Severe fatty degeneration 

Negative for 
yellow fever 

5 

? 

? 

+ 

present 

none 

- 

- 

4 

Congestion, slight necro- 
sis 

Negative for 
yellow fever 

6 

? 

? 

4 

■ present 

X 

- 

4* 

-f 

Coagulation necrosis atyp- 
ical of yellow fever 
present 

Positive for 
yellow fever? 


* X indicates test not done. 
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fatal cases are so few as to make diagnosis diffi- 
cult or impossible. On the other hand, the con* 
tent of complement-fixing antigen in the blood 
is roughly parallel to the severity of the infection 
(1-3) and hence demonstration of the antigen 
provides a means of diagnosis (2, 21). 

The lack of correlation between the antigen 
content of the serum and the intensity of the 
lesions in the liver indicates that the antigen docs 
not arise as a result of the visible damage pro- 
duced. The similarity or practical identity of 
the lesions produced by the virus and by tannic 
add, and the absence of the yellow fever antigen 
in animals succumbing to the toxic effects of the 
acid, support this view, and also indicate that the 
antigen is specific. 

Nevertheless, there is some relationship, even 
though not absolute, between the demonstrable 
tissue destruction and formation of antigen. 
Thus, in the monkey and the marmoset, some 
pathologic change, however minimal, was as a 
rule observed in the liver, but this was not always 
true of the other organs. In the mouse, infection 
by the intrapcritoneal route results in the eventual 
appearance of the antigen in the blood and in 
equally high or greater concentration in the brain, 
where the virus exerts its obvious damage, while 
the liver, whidi microscopically appears to be 
unaffected, contains no antigen, or only traces 
referable to the blood content of the organ (22). 
Just as the damage provoked in the liver of pri- 
mates by tannic acid and by the yellow fever vims 
may be indistinguishable, there is nothing to dis- 
tinguish Die lesions produced by this virus in 
the brain of the mouse from those caused by other 
viruses; nevertheless, the antigen produced in the 
blood of the host infected with the yellow fever 
virus serves to differentiate this infection from 
similar conditions of different etiology (3). 

The yellow fever complement-fixing antigen, 
therefore, appears to be biologically specific and 
the present evidence indicates that its demonstra- 
tion constitutes a more accurate and reliable 
method of diagnosis than docs histopathologic 
examination of tissue. 
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Living yellow fever virus has been successfully 
employed since 1931 (1) in the vaccination of man. 
The object of vaccination is to implant sufficient 
living virus within the body of the recipient to 
insure multiplication and subsequent generalized 
infection. The immunity resulting from such 
infection is extraordinarily effective (2, 3, 4).* 

Two attenuated strains of yellow fever virus 
have been principally employed in ^vaccination; 
the French neurotropic strain developed by Theiler 
(5, 6) and the 17D strain produced by Lloyd, 
Theiler, and Ricci (7) and Theiler and Smith (8). 
Both strains have lost the ability to cause visceral 
yellow fever in either man or rhesus monkey while 
retaining the power to multiply and to produce 
immunizing infections. Both possess the capacity 
to induce yellow fever virus encephalitis in certain 
susceptible animals following intracerebral inocu- 
lation. The one great difference between the two 
viruses is their degree of neurotropic virulence. 
Intracerebral injection in adequate dosage of the 
Trench neuro tropic vims into white Swiss mice or 
rhesus monkeys produces death in nearly 100 per 
cent of animals in 4 to 10 days (9, 10). Similar 
inoculation of the 17D vims into white Swiss 
mice results in death 7 to 21 days later while 
like injection of rhesus monkeys is followed only 
occasionally by a fatal encephalitis (11, 12). 

Since 1937, only the 17D strain of yellow fever 
vims has been employed in the Americas in the 
vaccination of man. Hargett, Burruss, and Dono- 
van (11) have described the method of vaccine 
preparation as followed by the United States Pub- 
lic Health Service.' This method is a modifica- 
tion of the procedure previously described by 
Theiler and Smith (9) and Smith, Penna, and 
Paoliello (13). Considerable care is required in 
the preparation, testing, and administration of 
this vaccine on account of its very labile nature 
(14), alterations in vimlence which may occur 
(12, 15, 16), and the possibility of contamination 
with pathogenic agents (17, 18). Improperly 


prepared vaccine or well prepared vaccine which 
has been improperly stored or abused may contain 
no active vims or too little active vims to insure 
immunization (13, 19, 20). Anaphylactic reac- 
tions may, rarely, occur in persons sensitive to the 
chick-embryo-egg proteins contained in the vac- 
cine (21, 22, 23). 

The three species of animals employed by the 
United States Public Health Service in the testing 
of yellow fever vaccine are white mice of the 
Swiss strain, guinea pigs, and rhesus monkeys. 
Mice are used (1) in titrating virus content, (2) 
in evaluating the degree of neurotropism possessed 
by the vaccine vims, (3) in detecting circulating 
vims in the blood stream of test monkeys, and 
(4) in protection test determinations on pre- and 
postvaccination monkey serum* specimens. Guinea 
pigs are employed to detect possible virulent con- 
taminants which may fail to grow in culture media. 
Monkeys ( Macaca mulatto) are used (1) to evalu- 
ate the behavior characteristics of the vaccine 
vims in producing clinical and pathological signs 
and symptoms, (2) to determine the ability of the 
vims to multiply and appear in the blood stream, 
and (3) to test the power of the vaccine to stimu- 
late specific yellow fever immunity as measured 
by the protection test. To Stokes, Bauer, and 
Hudson (24) go the honor of first demonstrating 
that the rhesus monkey is highly susceptible to 
yellow fever. 

In this paper are reported the observations on a 
consecutive series of 200 monkeys employed in the 
testing of aqueous-base (serum-free) yellow fever 
vaccine prepared in the laboratories of the National 
Institute of Health. 

VACCINE AND ANIMALS 

Vaccine . One hundred and ninety-two different 
lots of vaccine were employed in this study. 
These were taken from a consecutively prepared 
series of 193 lots, one of which was excluded be- 
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cause of a suspected bacterial contamination. 
Each lot was prepared essentially as follows: 

Seven day old chick-embryos were inoculated with 
seed virus, incubated an additional 3 to 4 days, removed 
from the shells, and triturated in blendors after adding 

1.00 ml. of distilled water per 3.00 gm. of embryo. 
The resulting emulsion was centrifuged and the super- 
natant drawn off into storage bottles in which it was 
shell-frozen and temporarily stored at minus 78°C. 
pending determinations of contamination and virus 
content. Bottles of frozen supernatant found to be free 
of contaminants and of adequate virus content were 
then melted at 37°C. and distributed into ampoules. 
The distributed vaccine was then promptly shell-frozen 
and subsequently dried from the frozen state under high 
vacuum. The ampoules of desiccated vaccine were 
then filled with dry nitrogen, sealed, inspected, labeled. 
Stored at minus 15°C. to minus 30°C., and tested as to 
suitability for use. Neither human nor animal serums 
were employed in the preparation of these lots (11). 

The original 17D yellow fever virus used in pre- 
paring these vaccines was kindly supplied by J. H. 
Bauer of the Rockefeller Foundation. All vac- 
cines were made with seed virus which had under- 
gone 230 to 233 previous tissue-culture or egg- 
culture passages. For identification purposes 
this virus has been designated substrain 17 D- 
RML . 

The concentration of virus in the vaccines, as 
determined by the 50 per cent endpoint titration 
method of Reed and Muench (25), varied from 140 
to 1,250,000 with a median value of 67,450. 
Titrations were performed from 1 to 17 days prior 
or subsequent to inoculation of the monkeys. 
Decimal dilutions were employed. With one 
exception in which 24 mice were used, 6 or 12 ani- 
mals were injected with each dilution. The titer 
values and the m.I.d. 1 determined therefrom are to 
be regarded as approximate only. On the basis of 
m.I.d. of vaccine virus received per animal, the 200 
monkeys studied have been divided, as shown in ta- 
ble 1, into 2 groups as follows: a “low virus” group 
of 102 animals in which each individual received 200 
to 199,000 m.I.d. and a “high virus” group of 9S ani- 
mals in which each individual received 202,000 to 

2.230.000 m.I.d. Unfortunately, 2 groups of 100 
each could not be established without including 1 
or more animate in each group which had received 
an identical number of m.I.d. of virus. Most of 
the tables presented have been constructed to 

1 Refer to subsequent section “Methods and Stand- 

ards.” 


show results for each of these groups and for the 
two combined. 

In preparing the vaccines for inoculation, dis- 
tilled water was employed for rehydration and 0.85 
per cent sodium chloride solution for dilution. 

Monkeys. The 20Q rhesus monkeys used in 
this study were within a weight range of 54 to 12 
pounds. One hundred and seventy-eight of these 
animals came directly from commercial dealers 
and had not previously been subjected to experi- 
mentation. Twenty-two came from other labora- 
tories and had been previously used in studies of 
infectious diseases as follows : 

14 Poliomyelitis 
5 Mumps and measles 
2 Mumps 

1 Rocky Mountain spotted fever 2 
Prior to use, the animals were kept well removed 
from the yellow fever laboratory. They were 
housed in large cages under excellent hygienic 
conditions and supplied an adequate diet of high 
quality. Some weeks prior to injection with 
vaccine, each animal was bled from a leg and the 
blood tested by the virus-neutralization test for 
evidence of immunity to yellow fever. Only those 
monkeys demonstrated to be non-immune to this 
disease and in robust health were employed in the 
testing of vaccine. 

Mice. All mice were of the white Swiss strain 
raised from a single inbred colony at this labora- 
tory. The animals were between 29 and 60 days 
of age, except those employed in the young-mouse 
protection test, and apparently in good health at 
the time placed in use. None had been subjected 
to prior experimentation. 

METHODS AND STANDARDS 

Intcrccrcbrd inoculation of ?nonkcys. The hair 
was clipped, and in some instances shaved, from 
that area above the right brow and the clipped 
skin washed with soap and water. The animal 
was then placed under light ether anesthesia and 
the just-washed skin painted with tincture of io- 
dine. The point of injection was then located ; this 
was approximately 1 inch above the middle of the 
right superior orbital ridge. The scalp over this 
point was then opened by an incision of about Jinch 
in length. A small hole just large enough to ad - 

2 It has not been possible to determine for a certainty 
whether or not the last monkey listed had actually been 
used in spotted fever studies. In this paper it is con- 
sidered to have been so employed. 
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mil a 25-gauge hypodermic needle was then made 
through the skull. Employing a 1.00 ml. tubercu- 
lin syringe fitted with a £ inch 25-gauge needle, 
the vaccine was injected slowly into the right 
frontal lobe of the brain with care to avoid un- 
necessary trauma. Following inoculation, the 
skin at site of incision was brought together and 
the wound covered with collodion. 

Drawing monkey blood specimens . All specimens 
were taken from the leg vessels. Five to 10 ml. 
were drawn for virus-neutralization test determina- 
tions and 2 ml. for detection of circulating virus. 

Freer of monkeys . A rectal temperature of 
40.0°C. or higher was considered as an indication 
of fever. Whenever such a temperature was en- 
countered it was promptly confirmed employing a 
different thermometer. In those instances where 
multiple fever readings were recorded for a single 
day, only the highest has been included in the data 
presented. 

Circulating virus in monkeys. The method de- 
scribed by Theiler and Smith (8) has been em- 
ployed to detect the presence of yellow fever virus 
in the blood stream. Promptly following with- 
drawal of 2 ml. of blood the serum was separated 
and 0.03 ml. inoculated intracerebrally into 
each of a group of 6 mice. The mice were then 
observed for 21 days and deaths and survivals 
recorded. Animals dying from causes apparently 
other than yellow fever virus encephalitis were 
eliminated from consideration. The death of 1 
or more mice of a given group from apparent 
yellow fever virus encephalitis was regarded as 
evidence of circulating virus. 

Yellow fever virus-neutralization tests. Monkey 
serums were examined for yellow fever virus- 
neutralizing bodies by the intraperitoneal method 
of Sawyer and Lloyd (26) employing 3 ml. of a 
1:3 dilution of serum in 0.85 per cent sodium 
chloride solution. Two of the serums were also 
examined by the young-mouse method described 
by Whitman (27). Results were interpreted 
according to the standards set forth by Sawyer 
(28). 

“ Slight to moderate weakness ” of monkeys . 
This was regarded as a loss of strength varying 
from the least detectable by handling and ob- 
serving the animal to the most marked degree 
which still permitted the subject to stand. 

“ Severe weakness ” of monkeys. This was con- 
sidered as asthenia of such a degree that the 
monkey was unable to stand. 

Encephalitis of monkeys. Diagnosis was based 


on the 3 criteria — weakness, paralysis, and path- 
ology of the brain. Histopathological examination 
of the brains of those animals coming to autopsy 
was kindly made by R. D. Lillie, Chief, Pathology 
Laboratory, National Institute of Health. 

Autopsy of monkeys . This was undertaken 
promptly after death. The contents of the ab- 
dominal and thoracic cavities were inspected and 
the brains removed and fixed. 

Period of observation of animals. This com- 
menced with the day of inoculation and continued 
to day of death or terminus of study period. With 
mice used for virus titration or for the detection of 
circulating virus the period was always 21 days 
unless shortened by death. With monkeys it was 
26 to 31 days unless shortened by death or ex- 
tended for special reason. 

Minimum lethal mouse dose (m.l.d.). Mice of a 
susceptible strain, as the white Swiss, inoculated 
intracerebrally with yellow fever virus usually 
die within three weeks of yellow fever virus en- 
cephalitis. One m.l.d. of virus is that quantity 
which injected intracerebrally into each of a series 
of such mice is followed by the death of one-half 
of them from encephalitis (25). 

PROCEDURE AND RESULTS 

Inoculation. Monkeys selected to receive vac- 
cine were first brought into the yellow fever 
laboratory on the day of inoculation. Just prior 
to injection of vaccine a blood specimen was taken 
for protection test study. The serum was sep- 
arated and temporarily stored at 3° C. to 6° C. 
The animals were then injected intracerebrally 
with vaccine. The volume of inoculum was in 
every case 0.25 ml. while the dilution ranged from 
1:1 to 1:10. The m.l.d. received per monkey 
varied from 200 to 2,230,000 with a median of 
193,500 as shown in table 1. In one instance vac- 
cine from a single lot was injected into 3 monkeys 
while in 6 instances vaccine from single lots was 
injected into 2 monkeys. One hundred and 
eighty-five additional lots were injected into a 
like number of monkeys. No animal received 
vaccine of more than 1 lot. 

Observation. Following inoculation each mon- 
key was housed in a separate cage under excellent 
hygienic conditions and fed a liberal diet of high 
quality. Seven animals were observed for 11 to 
24 days, 183 for 26 to 31 days, and 10 for 32 to 60 
days. All 7 of the first group became profoundly 
ill and died or were sacrificed. Observation was 
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extended with the third group, usually on account 
of persistent weakness or paralysis. 

Circulating virus . Each monkey was bled on 
the 2nd, 3rd, and 4th postinoculation days for 
the detection of yellow fever virus in the blood 
stream as a previous study (29) 'with, serum-base 
vaccines indicated that virus was most likely to 
be encountered during this period. This is in 
agreement with similar observations reported by 
Fox and Penna (12). Eight monkeys (4 per cent) 
showed no evidence of circulating virus. Serums 


the period of observation. Thirty-three animals 
(16J per cent) showed no fever at any time. The 
remainder had temperatures varying from 40°C. 
to 41.0°C. and continuing for 1 to 7 days. Median 
elevation was 40.2°C. and median duration 2 days. 
The average febrile duration was slightly less than 
2 days. The great majority of febrile tempera- 
tures were registered on the 8th, 9th, and 10th 
postinoculation days. Results are embodied in 
tables 3 and 4. 

Virus-neutralization tests . ' Postvaccination 


TABLE 1 


The number of tnJ.d. of vaccine virus received by the 200 test monkeys 
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* Median number of m.l.d. of virus is 193,500. 


TABLE 2 


Yellow fever virus in the blood stream of test monkeys following intracerebral injection of yellow fever vaccine as indicated 

by inoculation of susceptible mice 


YELLOW YEVER VIRUS IN TOE BLOOD STREAM 


MONKEYS 

2nd day 

post-inoculation 

3rd day 

post-inocufation 

4 th day 

post- inoculation 

M.l.d. of virus per animal 

Number 

observed 

l 

Mortality* 

ratio 

. . . _ j 

Ter cent 
mortality 

Mortality 

ratio 

roppsi 

Mortality 

ratio 

Ter cent 
mortality 

200 to 199 000 ("low virus”) 

mm 

266/601 

302/5S1 

44 

340/600 

345/5S2 

i 57 

323/601 

53 

202 000 to 2 230 000 (“hich virus”) 

H 

: 52 

[ 59 

350/571 

61 




Total , . ' 

200 

56S/11S2 

i 

48 

6S5/1182 

58 

673/1175 

57 








* Denominator indicates number of mice under test and numerator the number dying during the 21 days subse- 
quent to injection. 


from 4 animals (2 per cent) killed all mice (a total 
of 72) with apparent yellow fever virus encepha- 
litis. Widely divergent results between the two 
extremes just mentioned were encountered with 
the 18S remaining monkeys. A summary of re- 
sults is shown in tabic 2. It is to be noted that 
the mortality of mice inoculated with scrums 
from the “high vims” group of monkeys was 
greater than those inoculated with scrums from 
the “low virus” group. 

Febrile temperatures. The recta! temperature 
of each monkey was determined daily throughout 


blood specimens for detection of yellow fever 
virus-neutralizing bodies were taken 12 to *>3 days 
subsequent to injection of monkeys with vaccine 
except from 1 animal (no. 329) which died on the 
11th postinoculation day. The specimens were 
usually taken on the 14th post inoculation day as 
it is known (8) that rhesus monkeys injected with 
an adequate dose of 1 7P virus develop neutralizing 
bodies within 2 weeks. The drawing of some 
specimens was delayed on account of weakness 
of certain animals on the 14th day. 

Those monkey serums obtained just prior to 
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the injection of vaccine, which had been held in 
cold storage, were matched with the postinocula- 
tion serums from the same animals. Each pair 
of scrums was placed in a single protection test 
“run.” The protection test results of the pre- 
and postinoculation serums were thus strictly 
comparable. Fortunately none of the specimens 
were contaminated and all protection test “runs” 
proved satisfactory. All prcinoculation scrums 


servation and handling, principally at the time 
the monkeys were removed from their cages for 
temperature determinations. Fifty-four (27 per 
cent) showed weakness varying from the least 
detectable to that associated with the moribund 
state, while 146 (73 per cent) showed no evi- 
dence of loss of strength. Twenty-two of the 54 
came from the “low virus” group of 102 monkeys 
which had received 200 to 199,000 m.l.d. of virus 


* TABLE 3 

The febrile temperatures oh s erred in test nonkeys ere arranged to show on which post-inoculation day they occurred 


DAYS SUBSEQUENT TO INJECTION OF VACCINE 
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Number of animals which showed fever on each post-inoculation day 


Total 
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virus") 
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* Median. 


TABLE 4 


The number of test monkeys which shewed fezer (40° C. and higher) and which failed to show fever during the observation 
period subsequent to vaccine injection . The animals in the febrile group arc listed to show the number of 

days duration of fever 


MONKEYS 


NUMBER Or 
ANIMALS 

NUMBER Or ANIMALS WIUCI! SHOWED FEVER ACCORDING 

TO NUMBER OF DAYS FEBRILE 

M.l.d. of virus per animal 

Number 

wnicn 
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1 day 

2 days 

3 days 

4 days 

5 days 

6 days 

7 days 

200 to 199,000 (“low virus”) 

E9 

20 

32 

KB 

D 

2 

1 

1 

1 

202,000 to 2,230,000 (“high virus”) 

K9 

13 

33 

H 

H 

3 

2 

0 

0 

Total 

200 

33 

65 

62* 

30 

5 

3 

1 

' 1 


* Median. 


showed yellow fever virus-neutralizing bodies 
absent and all postinoculation specimens showed 
them present. Two of the latter gave inconclusive 
results by the intraperitoneal method of Sawyer 
and Lloyd (26). Reexamination by the more 
sensitive young-mouse method of Whitman (27), 
however, showed the bodies to be present in both 
specimens. Results are shown in table 5. 

Encephalitis . The presence and degree of weak- 
ness and paralysis was ascertained by daily ob- 


whilc the other 32 came from the “high virus” 
group of 98 which had received 202,000 to 2,230,- 
000 m.l.d. Onset of weakness varied from the 
9th to the 26th postinoculation day with 50 of 
the 54 animals first showing weakness on the 10th 
to 14tli days. Median day of onset was the 12th. 
Forty-two of these 54 animals showed only slight 
to moderate weakness without evidence of paraly- 
sis and 12 developed severe weakness and/or 
paralysis as shown in table 6. 
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TABLE 5 

Protection test mortality ratios obtained with monkey 
serums taken just prior to injection of vaccine and with 
scrums taken from the same animals 12 to 33 days 
subsequent to vaccine inoculation . 


Pre-inoculation monkey serum specimens 


DAYS 

BEFORE 

VACCINE 

INJECTION 

NUMBER 

OF 

SPECI- 

MENS 

PROTECTION TEST MORTALITY RATIOS 
(NUMBER of mice dying/number OF MICE 
UNDER TEST) 

6/6 

5/6 

4/6 

5/5 

4/5 

0 

199 

109 

67 

17 ! 

1 

5 

l 

Total number 
of specimens 
199 

Protection test 
composite result 
1086/1188 

Per cent of 
mice which 
died 91.4 


Post-inoculation monkey serum specimens 


DAYS 

AFTER 

VACCINE 

INJECTION 

NUMBER 

OF 

SPECI- 

MENS 

PROTECTION TEST MORTALITY RATIOS 
(NUMBER OF MICE DYING/NUMBER OF MICE 
UNDER TEST) 

0/6 

1/6 

2/6 

3/6 

0/5 

12 

1 

1 





13 

3 

1 

2 




14 

176 

148 ; 

24 

1* 

1* 

2 

15 

4 

2 i 

1 | 



1 

16 

4 

3 




1 

17 

2 

2 





21 

4 

4 





22 

1 

1 


> 



23 

1 

1 





25 

1 

If 

i 




28 

1 

1 





33 

1 

1 





Total number 

Protection 

test 

Per cent of 

of specimens 

composite result 

mice which 

199 

32/1190 


died 2.7 


* A result of 0/6 was obtained when this specimen 
was retested by the young mouse method of Whitman. 

f A result of 4/6 was obtained with serum taken 
from the same monkey on the 14th post-inoculation 
day. 

The occurrence of fever and circulating virus in 
relation to the development or non-development of 
weakness and paralysis was as follows: 

The 146 monkeys which did not develop weak- 
ness or paralysis: 

125 (86 per cent) showed fever. 

141 (97 per cent) showed evidence of cir- 
culating virus. 

The 54 monkeys which developed weakness or 
paralysis: 

42 (78 per cent) showed fever. 


51 (94 per cent) showed evidence of circulat- 
ing virus. 

All 42 members of the group which showed 
slight to moderate weakness without paralysis 
made what was regarded as a complete recovery 
during the period of observation. Duration of 
weakness varied from 1 to 31 days with a median 
length of 8 days. Ten of this group were weak for 
1 to 5 days, 22 for 6 to 14 days, and 10 for 15 to 31 
days. The terminal postinoculation day of ob- 
served weakness varied from the 12th to the 42nd 
with the median being the 20th. 

Ten of the 12 monkeys which developed severe 
weakness and/or paralysis died or were sacrificed, 

1 made a complete recovery from an apparently 
moribund state without evidence of paralysis at 
any time, and the remaining animal recovered 
except for a residual paralysis of the right hind 
leg. Brief abstracts from the records of these 
monkeys follow (“day” refers to postinoculation 
day): 

No. 112 137,800 m.l.d. of virus were injected. 

Fever of 40.0°C. occurred on the 9th 
day. Weakness was evident from the 
11th to the 42nd day. The animal 
was almost moribund on the 13th day. 
Clinical recovery was complete on the 
43rd day. 

No. 132... . 95,000 m.l.d. of virus were injected. 

Fever of 40.0°C. to 40.5°C. occurred 
on the 9th and 10th days. Paralysis 
of the right hind leg developed on the 
25th day (or 20th day — the record is 
defective) and persisted at termination 
of observation on the 40th day at which 
time the animal appeared to otherwise 
be in good health. 

No. 141 52,100 m.l.d. of virus were injected. 

Fever of 40.5°C. was recorded on the 8th 
day. Weakness was present from the 
10th day until death. Paralysis of the 
left front and hind legs developed on 
the 18th day and persisted until death. 
The animal was sacrificed on the 28th 
day in a moribund condition. An 
attempt to recover yellow’ fever virus 
from the brain failed. The brain 
showed encephalitis. 

No. 185 144,500 m.l.d. of virus were injected. 

Fever of 40.2°C. w r as encountered on 
the 10th day. Weakness w r as evident 
from the 11th day until death. Paral- 
ysis of both hind legs developed on the 
21st day and persisted until death. 
The monkey w’as sacrificed on the 24th 



USE OF MONKEYS IN TESTING VACCINE 


25 


day in a weak but not moribund condi- 
tion. The liver showed probable 
tuberculosis and the brain encephalitis. No. 280 

No. 202 222,000 m.l.d. of virus were injected. 

Fever of 40.0°C. was observed on the 
, 10th day. Weakness was present from 
the 12th da}' until death. Tlie animal 
was sacrificed on the 33rd day in a 
moribund condition. The brain 
showed encephalitis. 

No. 230 951,000 m.l.d. of virus were injected. 

Fever was not observed. Weakness 
was present from the 10th day until 
death. The monkey was sacrificed on No. 308 
the 14th day in a practically moribund 
state. The brain showed polioen- 
cephalitis. 

TABLE 6 


Monbeys which developed weakness and paralysis following intracerebral injection of yellow fever vaccine 


- MONKEYS 

WEAKNESS AND 2* ANALYSIS 

Slight to moderate 
weakness (able to 
stand) 

Severe weakness 
{unable to stand) 

Total 

M.l.d. of virus per animal 

_ _ . . - ... . . - .. | 

Number 

observed 

Paralysis 

not 

observed 

Paralysis 

present 

Paralysis 

not 

observed 

Paralysis 

present 

200 to 199,000 (“low virus”) 

202,000 to 2,230,000 ("high virus’’) 

102 

98 

18 

24 

i 

i 1 
2* 

1 

4* 

2* 

2* 

22 

32 

Total 1 

200 

42t 

3 

5 

4 

54 



* Died or sacrificed. 

t Completely recovered during post- vaccination observation period. 


found in the upper lobe of the left lung. 
The brain showed encephalitis. 

772,000 m.l.d. of virus were injected. 
Fever of 40.0°C. was encountered on 
the 8th and 9th days. Weakness 
developed on the 11th day and con- 
tinued until death. The animal was 
sacrificed on the 12th day in a very 
weak condition. A considerable num- 
ber of adhesions were present between 
the upper right and upper left lobes of 
the lungs and the chest wall. The 
brain showed encephalitis. 

416,600 m.l.d. of virus were injected. 
Fever of 40.2°C. was registered on the 
9th day. Weakness developed on the 
12th day and continued until death. 


No. 242 738,000 m.l.d. of vims were injected. 

Fever of 40.0°C. to 40.4°C. was ob- 
served on the 9th and 10th days. 
Weakness was present from the 12th 
day until death. Paralysis of both 
hind legs was present from the 15th 
day until death. The animal was 
sacrificed on the 17th day in a very 
weak condition. The brain showed 
encephalitis. 

No. 244 501,000 m.l.d, of virus were injected. 

Fever of 40.0°C. to 40.3°C. was regis- 
tered on the Sth and 9th days. Weak- 
ness appeared on the 10th day and 
continued to death. Paralysis of the 
right front leg developed on the 11th 
day and continued to death. The 
monkey was sacrificed on the 14th day 
in a practically moribund state. A 
hemorrhage 5 mm. in diameter was 


Paralysis of both hind legs was appar- 
ent on the 13 tli day and continued to 
death. This animal was kept under 
observation until the 60th day at 
which time it was sacrificed. Vital 
functions seemed to be good at time of 
death and it is believed this monkey 
could have survived considerably 
longer with special care. The brain 
showed slight residual encephalitis. 

No. 327 337,500 m.l.d. of virus were injected. 

Fever was not encountered. Weak- 
ness developed on the 10th day and 
continued until death. Paralysis of 
the left hind leg developed on the I3tb 
day and persisted to death. The 
monkey was sacrificed on the 39th day 
at which time the animal was in fairly 
good general health, although weak. 
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The brain showed diffuse fairly active 
widespread encephalitis. 

No. 329. 488,000 m.l.d. of virus were injected. 

Fever was not observed. Weakness 
developed on the 10th day and con- 
tinued until death. The animal died 
on the 11th day. At autopsy a well 
developed fetus was found and a 
considerable number of adhesions en- 
countered between the lower left 
pulmonary lobe and the chest wall; the 
large intestine was hemorrhagic. The 
brain showed general encephalitis. 


It is to be noted: (1) that none of these 12 mon- 
keys showed abnormalities during the first week 
subsequent to injection of the vaccine, (2) that the 
initial appearance fever was always on the 8th, 
9th, or 10th postinoculation day, (3) that the on- 
set of weakness was in every case on the 10th, 
11th, or 12th day following injection, (4) that 
paralysis first appeared on the 11th to 25th post- 
vaccination day, and (5) that encephalitis was en- 
countered in the brains of the 10 animals that came 
to autopsy. 


The basic pathologic alterations in the brains 
examined resembled in general those described by 
Lloyd and Pcnna (10) in their studies on the action 
of the French neurotropic strain of yellow fever 
virus in rhesus monkeys. 

# Reactions of different monkeys to identical vac- 
cines. The reactions of the 15 monkeys which 
received vaccine from 7 different lots permit some 
observations on the behavior of identical material 
in different monkeys. There was no consistency 
of reaction; the fact that 1 animal showed fever, 
circulating virus, or weakness was no indication 


that another animal inoculated with the same vac- 
cine would react in like manner. 

Reactions of monkeys previously employed in in- 
fectious disease studies. Of the 22 monkeys which 
had been previously employed in measles, mumps, 
poliomyelitis, or Rocky Mountain spotted fever 
studies, 8 (36 per cent) developed slight to moder- 
ate weakness without evidence of paralysis with 
complete recovery. None of these animals showed 
severe weakness or paralysis and none died or was 
sacrificed. In comparison, 46 (26 per cent) of 



Fig. 1. Reactions Observed in Test Monkeys 
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the 178 monkeys which had not previously been 
used showed weakness or paralysis or both; all 
12 animals which developed severe weakness and / 
or paralysis were in this group. 

DISCUSSION 

IiUercurrcnl disease . No monkey of this series 
died of intercurrent infection. This is attributed 
to the selection of the animals and the care given 
them. 

Inoculation trauma. The small volume of 0.25 
ml. of inoculum was employed in the intracerebral 
inoculation of monkeys in order to reduce the pos- 
sibility of trauma inherent in the use of larger 
volumes. It is not believed that the injury caused 
by injection played any appreciable part in the 
reactions observed. None of the inoculation 
wounds became infected and on inspection at 
autops}" none of the brains showed evidence of 
trauma. That injury . caused by intracerebral 
injection may cause death seems indicated by a 
case reported by Lloyd and Penna (10): a monkey 
known to be immune to yellow fever was injected 
intracerebrally with yellow fever virus, the animal 
died, and at autopsy an area of softening and 
hemorrhage was encountered in the lobe which 
had received the virus. 

Yellow fever virus content of inoculums . Dilu- 
tion of the vaccines inoculated into monkeys was 
usually employed to reduce the number of m.l.d. 
of virus received by the animals. As shown in 
table 1, the smallest number given a monkey was 
200 and the greatest 2,230,000. This is con- 
siderably more than the minimal infective dose 
which has been shown (9) to be but a fraction of 
1 m.l.d. 

The results presented in table 6 indicate that 
trank encephalitis is more likely to occur when a 
large amount of virus is injected rather than when 
a smaller amount is given. In the present study, 
of the 18 monkeys which received less than 22,000 
m.l.d. only 1 showed weakness while of the 16 
which received more than 1,000,000 m.l.d,, 5 
developed weakness. All 6 animals completely 
recovered during the period of observation. In- 
formation does not permit a statement as to the 
optimal number of m.l.d. that should be em- 
ployed. Certainly the number should be suffi- 
ciently large to insure dependability of the test 
and yet not so great as to induced high per cent 
of cases of severe encephalitis. 

Circulating virus . As to the 8 monkeys in which 
uo evidence of circulating virus was obtained, it 


is to be remembered that search for it was made 
only 3 times per animal. If more frequent bleed- 
ings over a longer period had been attempted, 
evidence might have been encountered. That all 
8 animals became infected is indicated by the 
demonstration of yellow fever virus-neutralizing 
bodies in their postinoculation blood specimens. 
Five of the 8 showed fever and 3 developed weak- 
ness. One (no. 308) was sacrificed, and examina- 
tion of the brain revealed encephalitis. Three 
showed neither fever, weakness, nor paralysis. 
The amount of virus received by these 8 monkeys 
ranged from 180,600 to 501,000 m.l.d. 

The results shown in table 2 indicate what is 
believed to be a significantly greater mortality 
among mice which received serum from monkeys 
injected with more than 200,000 m.l.d. as con- 
trasted with those which received serum from 
monkeys injected with less than 200,000 m.l.d. 
This result is in agreement with data presented 
by Fox and Penna (12). 

Febrile temperatures . Results listed in tables 3 
and 4 show that with the “low virus” group of 
monkeys as compared with the “high virus” 
group (1) the likelihood of fever developing is 
slightly less, (2) the average interval between in- 
jection of vaccine and appearance of fever is just 
a little greater, and (3) the duration of fever is 
slightly shorter. Whether or not these slight 
differences are significant may be questioned. 
The frequency with which febrile temperatures 
occurred on the 8th, 9th, and 10th postinocula- 
tion days and the duration of the fever for 1, 2, 
or 3 days is noteworthy. On the basis of Fox and 
Penna's (12) contention that length of fever in 
rhesus monkeys inoculated intracerebrally with 
17D virus is an indication of the neuro tropic viru- 
lence of the virus, then the virug injected into 
these 200 monkeys must be considered as possessed 
with unusually low neurotropism as the median 
duration of fever in the 167 animals which showed 
fever was only 2 days and the average slightly 
less. 

Yellow fever virus-neutralizing bodies. Every 
one of the 199 monkeys studied developed yellow 
fever virus-neutralizing bodies subsequent to the 
injection of vaccine. This indicates that the 
inoculum in each instance contained an infective 
dose of yellow fever virus and that each of the 
animals was competent to respond with the pro- 
duction of immune bodies. As it was shown 
(30, 31) that the concentration of protective 
bodies developing subsequent to injection of yellow 
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fever virus bore no relation to the size of the in- 
fecting dose, there was no occasion to undertake 
a study of the concentration of these bodies in the 
postinoculation serum specimens. 

Encephalitis. That rhesus monkeys inoculated 
intracerebrally with more than 200*000 m.hd. 
of 17D virus are more likely to develop signs of 
encephalitis than animals receiving less than 200,- 
000 m.l.d. is indicated by the results shown in 
table 6. Six per cent of all monkeys developed 
severe weakness and/or paralysis. Ten of the 12 
animals which composed this group died or were 
sacrificed and encephalitis proved in each case by 
pathological study. Fox and Penna (12) working 
with both serum-containing and serum-free 17D 
vaccines found that 5.9 per cent of their monkeys 
developed “marked” or fatal encephalitis subse- 
quent to intracerebral inoculation of vaccine. 
However, they failed to note any significant dif- 
ference in the incidence of encephalitis related to 
virus dose. 

It is evident, as has been pointed out before (11, 
12), that 17D virus possesses a degree of neuro- 
tropic virulence sufficient, when inoculated intra- 
cerebrally, to cause death in a small per cent of 
rhesus monkeys. In agreement with all previ- 
ously reported experience with this virus in these 
monkeys, no evidence of visceral lesions of yellow 
fever was encountered. 

V ariations in monkey susceptibility. It has been 
pointed out by Davis (32) that inherent constitu- 
tional factors are of considerable influence in re- 
lation to reactions developing subsequent to injec- 
tion of rhesus monkeys with yellow fever virus. 
In the series of monkeys here reported there was no 
more similarity of reaction among those which 
had been injected with vaccine from a single lot 
than among those injected with material from 
different lots. It is believed that the 2 most im- 
portant factors relative to the development of 
encephalitis in these monkeys were the inherent 
susceptibility of the individual animal and the 
amount of virus injected. 

Monkeys employed in prior studies of infectious 
diseases. The differences in behavior of the 22 
monkeys of this series which had been previously 
used in infectious disease studies compared with 
the 178 previously unused animals are not re- 
garded as significant. It is to be remembered, 
however, that every one of these 22 animals was in 
apparent robust health at the time injected with 
vaccine. As prior use introduces an added vari- 


able factor, it is preferable to employ only fresh 
stock animals. 

Etiology of observed reactions . On the basis of 
evidence presented in this report it is believed that 
the reactions observed in the 200 monkeys studied 
resulted from the 17D virus injected into the brains 
of these animals. This belief is supported by the 
general similarity of these observations to those 
reported by Fox and Penna (12) in a comparable 
study. While it would be difficult to prove that 
none of the inoculums contained a contaminant, 
there is no proof that any did. 

Vaccine in man. Of the 192 lots of vaccine 
which constitute this series, 174 have been re- 
leased for human use, principally to the United 
States Army. Every one of a total of 177 post- 
vaccination serum specimens procured from per- 
sons vaccinated with one or another of 25 of these 
lots was found to contain yellow fever virus- 
neutralizing bodies. No serums representing the 
remaining 149 lots have to date been obtained. 

Postvaccination hepatitis reactions, such as oc- 
curred in the United States Army in 1942, have 
been shown to be associated with vaccine lots 
prepared with human serum (17, 18, 33). As 
these 192 lots of aqueous-base vaccine contained no 
human (or animal) serum, it was not anticipated 
that such reactions would occur. Such has proved 
to be the case; in fact, no untoward reactions of 
any kind that could be attributed to these vac- 
cines have been reported. 

17D virus for human immunization. Despite 
the fact that white Swiss mice almost always die 
and rhesus monkeys occasionally die of yellow 
fever virus encephalitis following the intracerebral 
inoculation of 17D virus, and that human cases of 
encephalitis following vaccination with 17D virus 
have been reported (16), it is still believed that 
scrum-free 17 D virus vaccine is a safe agent for the 
immunization of man against yellow fever provided 
proper care is taken in the preparation, testing, 
storage, and administration of the vaccine. 

SUMMARY 

One hundred and ninety-two lots of aqueous- 
base (serum-free) yellow fever vaccine were tested 
in 200 rhesus monkeys (1) to evaluate the be- 
havior characteristics of the vaccine virus in pro- 
ducing clinical and r pathological signs and symp- 
toms, (2) to determine the ability of the vaccine 
virus to multiply and appear in the blood stream, 
and (3) to test the power of the vaccine to stimu- 
late specific yellow fever immunity. The monkeys 



USE OF MONKEYS IN TESTING VACCINE 


29 


constitute a strictly consecutive series. All lots 
of vaccine employed likewise were of a consecutive 
series broken only by the absence of 1 lot which 
was not tested in a monkey because of possible 
bacterial contamination. 

Each monkey was inoculated intracerebrally 
with 0.25 ml. of yellow fever vaccine from a single 
homogeneous lot. The inoculums contained from 
200 to 2,230,000 minimum lethal mouse doses 
(m.l.d.) of virus each. The animals were ob- 
served for a median period of 30 days subsequent 
to inoculation. For comparative purposes the 
200 monkeys were divided into two groups, viz., 
a “low virus” group of 102 animals, each of which 
received 200 to 199,000 m.l.d. and a “high virus” 
group of 98, each of which received 202,000 to 
2,230,000 m.l.d. 

No monkey died of trauma or from intercurrent 
disease. 

Each monkey was bled on the 2nd, 3rd, and 4th 
postinoculation days to determine if vaccine virus 
was present in the circulation. Evidence of its 
presence was found in 192 animals (96. per cent). 
Results indicated that during these days more 
virus was present in the blood of the “high virus” 
group of monkeys than in the “low virus” group. 

Daily rectal temperature determinations were 
taken throughout the postinoculation observation 
period. A temperature of 40°C. or higher was 
regarded as fever. One hundred and sixty-seven 
of the monkeys (83 £ per cent) showed fever. The 
very great majority of febrile temperatures oc- 
curred on the 8th, 9th, and 10th days subsequent 
to the injection of vaccine. Median duration of 
fever was 2 days. 

The pre- and postinoculation yellow fever im- 
munity status of 199 of the 200 monkeys was 
studied by the protection test. All 199 animals 
proved to be nonimmune immediately prior to 
vaccination and all proved to be immune 12 to 33 
days later. 

Of the 102 animals in the “low virus” group, 
each of which received 200 to 199,000 m.l.d. of 
virus, 18 (17.6 per cent) showed transient weak- 
ness with complete recovery and 4 (3.9 per cent) 
developed signs of severe encephalitis characterized 
by extreme weakness and/or paralysis. Of these 
4, 2 were sacrificed, 1 recovered, and 1 was left 
with a residual paralysis of the right hind leg. Of 
the 98 monkeys in the “high virus” group, each of 
which received 202,000 to 2,230,000 m.l.d. of virus, 
24 (24.5 per cent) showed transient weakness with 
complete recovery and 8 (8.2 per cent) developed 


signs of severe encephalitis. One of these 8 died 
and the other 7 were sacrificed. Histopathological 
study of the brains of the 10 animals coming to 
autopsy showed encephalitis in each instance. 

The 2 most important factors in producing en- 
cephalitis in these monkeys are believed to be the 
inherent susceptibility of the individual animal and 
the amount of virus injected. 

Twenty-two of the monkeys studied had been 
previously used in studies of poliomyelitis, mumps, 
measles, or Rocky Mountain spotted fever while 
178 had not been previously subjected to experi- 
mentation. No significant differences in reaction 
were observed between the 2 groups. 

Of the 192 vaccines studied, 174 were released 
for human vaccination, principally to the United 
States Army. No icterogenic or other untoward 
reactions indicating faulty vaccine have been 
encountered. 
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The current problem of endemic typhus in the 
South and South-east necessitates more deter- 
mined action towards the eradication of the reser- 
voir rodent host, primarily from the infective foci. 
The conventional technique for detecting the dis- 
ease in rodent populations involves the inoculation 
of rat brain or insect emulsions into guinea pigs 
and then the checking of the temperature reactions 
for the succeeding two or three weeks. If a ther- 
mal reaction is induced the problem is then re- 
solved into identification by serum protection or 
immunization experiments. This entire process 
generally requires a minimum of three weeks, 
necessitating considerable assistance and mate- 
rials. 

During the past seven months the Eighth Serv- 
ice Command Laboratory has been interested 
in the typhus problem in and around San Antonio. 
Rats were originally examined by the guinea pig 
inoculation technique referred to above; however, 
it was found that the combined serological and 
entomological examination of the rats would give 
results of comparable significance. This was 
finally evolved into the following approach: 

Rats were trapped and delivered to the labora- 
tory in the living state. They were placed in 
insect proof sacs and anaesthetized with ether. 
When unconscious the rats were bled from the 
heart with a 5 cc. syringe and 20 gauge needle. 
The serum was then separated from the contracted 
dot and inactivated at 61°C. for one-half hour. 
Heat coagulation was avoided by diluting this 
serum two-fold with- normal saline. The conven- 
tional complement fixation test was set up with 
1:10 dilution of serum, two units of rickettsial 
antigen, and two units of complement. Following 
an incubation period of forty-five (45) minutes at 
37°C. the amboceptor and red blood cells were 
added and further incubated for thirty (30) 
minutes. 

The exsanguinated rat and the everted sac in 
which it was anesthetized were spread out on a 
clean white cloth under a strong light. The ecto- 
parasites were transferred to a small dish of 70% 

1 Eighth Service Command Laboratory, Fort Sam 
Houston, Texas. 


ethyl alcohol with dissecting needles or small 
sharp pointed forceps. Identification of these 
arthropods was best completed with a dissecting 
microscope, or, after some experience, with a 
good hand lens. 

Of the seventy-five rats (Ratlus alexandruius) 
examined from suspected foci of infection, twenty- 
five (33.3%) were positive serologically for en- 
demic typhus. These included six of thirty-four 
(17.6%) from theatres, and sixteen of thirty (53%) 
from food establishments. Ectoparasites were 
found on all of the positive cases and on some of 
the negatives: these consisted of three hundred 
and fifty-seven (357) tropical rat mites (Liponys- 
sus bacoti ) and forty-four (44) rat fleas ( Xenopsylla 
cheopis ). Five additional rat serums were anti- 
complementary. 2 

Seventy-five control rats which originated 
from non-suspected foci were similarly collected 
and examined. None was positive serologically. 
Three fleas and four mites were collected from this 
group.- 

In order to determine the experimental sero- 
logical reaction of rats to typhus, twenty-five 
white rats were inoculated intra-peritoneally with 
1.0 cc. of an emulsion of typhus infected guinea 
pig spleen. Two rats -from this group were 
checked at weekly intervals for complement-fixing 
antibodies. One of the two rats which were ex- 
amined after one week was positive; one week 
later both of the rats which were tested were 
positive. To date, the reaction has been uni- 
formly positive at 120 days after inoculation in all 
of the rats tested. 

The rationale of substituting the specific (1) 
complement fixation test for the actual isolation 
, of the agent is justified by the results obtained. 
It is known that the typhus agent can be isolated 
from the blood of the rat as long as two to four 
weeks after exposure and that thereafter it becomes 
non-infective (2). Furthermore, the typhus agent 
has been isolated from the brain of the rat as long 
as three hundred and seventy (370) days after 

* More recently, 195 rats from food establishments 
were examined, and 55.3% were found to be positive 
for typhus. 
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inoculation (3). It is reported that once the flea 
becomes infected it remains infective for the rest 
of its life (4). Therefore, a successful isolation 
from the brain does not necessarily connote an 
ability to ^transfer the disease to a vector. How- 
ever, if known vectors of typhus such as the flea 
and mite are found on positive cases it is reasonable 
to consider the insects as potentially infected. 
The serology will remain positive and specific at 
least as long as the agent is residing in the brain. 

By a combined serological and entomological 
survey the source of an infection can be detected 
in a matter of hours, whereas the alternate method 
requires weeks. The epidemiological surveys 
possible by this method can be increased many- 
fold, and suppressive measures can be directed 
more accurately and rapidly. Furthermore, such 
surveys can be made easily at points far from labo- 
ratory installations. 

As is true of surveys conducted in the past, the 
percentage of positive rats was highest in food 
establishments. The fact that theatres are har- 


boring infected rats and their vectors should pro- 
vide some explanation for the exotic outbreaks’ 
among people who have had no known exposure to 
infected surroundings, and should stimulate a con- 
certed drive to protect such mass populations from 
this common source of infection. 
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In 1919 Arkwright and Bacot and Duncan 
(1) removed 150 lice ( Pedicinus longiceps) from a 
typhus infected monkey (Macacus rhesus) just 
before death, which were inoculated subcutane- 
ously and intramuscularly to another monkey of 
the same species. After an incubation period of 7 
days this animal developed a febrile disease. 

Dissection of the lice nourished on the infected 
monkeys indicated from 4-16% with rickettsiae 
in the digestive tract. In 1922 Atkin published 
the results of experiments made with Bacot in 1920 
and 1921 at the Lister Institute in London, using 
a Polish and Irish virus (2). In this important 
tyork the authors demonstrated that the infected 
lice could not transmit infection by biting; a few 
experiments of experimental infection of Pcdicimts 
longiceps on macaca monkeys are also reported. 

Atkin and Bacot first took the intestinal tract 
of 36 Pedicinus from a M . rhesus on the 12th day 
of typhus, emulsified in normal saline, inoculating 
into the thigh of a macacus of the same species. 
The monkey developed pyrexia and was immune 8 
months later to a challenge dose of infected guinea- 
pig brain. They observed rickettsiae in the sedi- 
ment of emulsified lice which was not the case of 
pedicinus fed on non-infectcd monkeys. 

Their trials of infecting guinea-pigs by the Pedi- 
cinus longiceps , however, were completely nega- 
tive. Their first experiment consisted of the 
inoculation of 100 lice, from a typhus infected 
monkey, intrapcriloncally into guinea-pigs. The 
animals did not react, subsequently confirmed by 
a challenge dose of typhus virus producing typical 
disease. In a second trial the authors inoculated 
5 lice subcutaneously into a guinea pig obtained 
from a typhus monkey 15 days after the onset of 
fever. This time as before no infection nor im- 
munity. 

From these negative results Atkin and Bacot 

* Director, Pasteur Institute of Morocco. 

5 Major, Medical U. S. Army attached to the 

United States of America Typhus Commission. 


concluded, recognizing the risk of a considerable 
clement of chance, that the virus of typhus lost 
the greater part of its virulence in passing through 
this unaccustomed host, the monkey louse. 

In 1933 Kodama Kono and Takaposlu; Kiti- 
sato exp. med. 1933, 10, 113 did not succeed 
in transmitting, epidemic typhus by inoculation 
of ground monkey lice (Pedicinus). 

Tins supposition is contrary to present concep- 
tions observed by different authors and by our- 
selves on the behaviour of the typhus viruses in 
the various ectoparasites and in particular in the 
different species of fleas and lice for which reason 
we were prompted to record our experience on the 
infection of the monkey louse, Pedicinus albidus 
Rudmv, fed on typhus infected monkeys. These 
results confirm the conclusions reported in pre- 
vious work (3). 

Experiment J. On Dec. 9 25 Pedicinus albi- 
dus were taken from a monkey 10 days afebrile 
after a typhus course. The monkey had been 
infected intrapcritoncally with guinea pig brain 
of a Casablanca epidemic typhus strain. The 25 
lice were ground and inoculated I.P. into guinea 
pig #43, which reacted, after a very short incu- 
bation period of 3 days, in usual fashion, running 
6 days fever. Complement fixation using an 
epidemic egg antigen (Brcinl strain) was strongly 
positive on the guinea pig scrum (4 + 1/3S4). 
Groups of dissected lice showed numerous rickett- 
siac in the intestinal cells with giem^a stain. 
Experiment IE 30 Pedicinus albidus were re- 
moved from a macaca in extremis from typhus 
previously infected by guinea pie brain. Com- 
plement fixation of the monkey serum at this time 
was (4-f 1/1 92 and 1+1/384). The lice were 
emulsified and inoculated intrapcritoncally in 
guinea pig *> 16 (fie. 1) which after 5 days incuba- 
tion reacted typically. On the 4th febrile day the 
animal was sacrificed and the brain jjss'cd intro - 
peritonealty to guinea pig 41 and 42 t>Mh reacting 
as is apparent by figure 1. No. 42 ran tiw u<uxl 
febrile course without orchitis and a poritivr* com* 
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plement fixation (4+1/192), No. 41 was sacrificed 
on the 4th febrile day, the brain used for challeng- 
ing 3 convalescent murine guinea pigs, two con- 
valescent epidemic guinea pigs and a non immune 
pig. The latter reacted in the usual typhus 
fashion, with a febrile course of 9 days and a com- 
plement fixation of (4+1/384). The murine and 
epidemic convalescent animals resisted infection 
as demonstrated in figure 2. In this second ex- 
periment groups of lice dissected showed numerous 
rickettsiae in the intestinal cells. 

In these two experiments it is apparent that the 
lice ( Pedicinus albidus) can be infected on Ma- 
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cacus sylvanus monkeys with epidemic typhus and 
that the virus conserves its virulence and character- 
istics as does the murine virus after passage through 
lice and the virus of epidemic typhus passed 
through fleas. 
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The present discussion is meant to emphasize 
the importance of two aspects of amebic hepatic 
disease, early diagnosis and early therapy. No 
implication is made that these problems are newly 
recognized. Rogers (1) emphasized certain as- 
pects of both as far back as 1907. We feel, how- 
ever, that this presentation is justified on at least 
three grounds; first, the failure of a large number of 
the current textbooks clearly to delineate the 
problem or to emphasize its importance; second, 
records of these aspects of hepatic amebiasis are 
still sufficiently fragmentary to warrant further 
recording and correlation of case studies; and, 
third, inadequacies in the recognition of the pic- 
ture in this country are well known. 

In any disease, particularly those which are in- 
fectious in nature, demonstration of the etiologic 
agent places therapy upon solid ground. Amebi- 
asis is no exception (2). Absolute diagnoses are 
always based upon the demonstration of the cause 
of the picture. However, in hepatic amebiasis, 
diagnosis and treatment are almost invariably 
carried out without demonstration of E . histolytica 
in the liver or its discharges. 

Let us review the clinician’s position in attain- 
ing a diagnosis in hepatic amebiasis. To establish 
the frequency of occurrence of findings sufficiently 
diagnostic to warrant consideration of hepatic 
amebiasis, we have reviewed the records of patients 
with such diagnoses at the New Orleans Charity 
Hospital and the Marine Hospital at New Orleans 
in the past five years. In all there were 81 
patients, 58 with amebic hepatic abscess and 23 
with amebic hepatitis. In the 58 patients with 
the diagnosis of abscess, 12, or approximately 20 
per cent presented themselves with ^complaints 
and clinical findings which concentrated interest 
on the right lower pulmonary area. Both acute 
and chronic pictures of pleural pain, pneumonia, 

1 Read at the Fortieth Annual Meeting of the Ameri- 
can Society of Tropical Medicine, St. Louis, Mo., 
November 13-16, 1944. 

2 From the Department of Preventive Medicine, 
School of Medicine, The Tulane University of Louisiana, 
The Charity Hospital of Louisiana at New Orleans and 
U. S. Marine Hospital at New Orleans. 


and, in 2 instances, pleural effusion, focused atten- 
tion above the diaphragm, and 1 patient had been 
treated at first for atypical pneumonia and then 
for idiopathic pleural effusion for seven months 
before entering our service where hepatic changes 
were found. This entire group showed, aside 
from the pulmonary findings, evidences of hepatic 
involvement. In the remaining 46 cases, the pre- 
senting complaints definitely pointed to the liver, 
with enlargement, tenderness, at times a bulging 
mass, fever at times with chills, leukocytosis in 81 
per cent, and, in 70 per cent of the patients, a dis- 
tinct sudden onset from which the picture could 
easily be dated. Hence the diagnostic possibilities 
demanded the differentiation of bronchogenic 
carcinoma, bronchiectasis, basal pneumonia, atyp- 
ical pneumonia, tuberculosis, empyema, pleural 
effusion of probable tuberculous or malignant 
origin with the pulmonary complaints, and, with 
the purely hepatic picture, of cirrhosis and malig- 
nancy of the liver, acute and chronic cholecystitis, 
peptic ulcer including rupture, infectious hepa- 
titis, pyogenic liver abscess and echinococcus cyst, 
depending upon the nature of onset and severity 
and type of picture. 

, This list of diagnoses does not represent all the 
conditions with which hepatic amebiasis may be 
confused, but does represent the common ones 
assigned many of our patients before the true 
diagnosis was made. In our community some of 
these conditions are many times more common 
than hepatic amebiasis. This is not true in certain 
tropical areas and in such communities hepatic 
amebiasis is considered early in differential diag- 
nosis. But, when the frequency of this condition 
is low in comparison to the other pictures men- 
tioned, the possibility of its occurrence does not 
always come to mind. This is shown in our 
records. Awareness of the possible occurrence of 
hepatic amebiasis was the most important single 
factor in directing the early establishment of the 
diagnosis. Without it, diagnoses were either late, 
or were accidental, following the establishment of 
certain important data which, if the diagnosis is 
suspected from the clinical pictures, may be ac- 
tively sought to arouse the clinical suspicion to a 
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level sufficiently high to warrant therapy. These 
data, and their frequency as shown in our 58 pa- 
tients diagnosed as abscess, were: 

1* A history of diarrhea or dysentery, or 

its presence with the hepatic picture.... 19 (32.7%) 

2. The presence of E. histolytica in the 

stools (34 patients examined) 10 (29.4%) 

3. Roentgenologic signs of a fixed right 
diaphragm, bulging of the diaphragm, 
especially centrally and anteriorly, ele- 
vation of the right diaphragm, at times 

' with pleural or pulmonary involvement, 
or evidence of hepatic enlargement 47 (81.0%) 

4. Chocolate sauce pus either (a) from 
rupture, as into a bronchus, or (b) by 
aspiration from the pleural space or 

liver ^ ^ 27 (46.5%) 55 (94.8%) 

5. A positive complement fixation test 

Although colonic infection probably always 
precedes the hepatic lesion, in many instances it 
fs not clinical!}' active. In only 32 per cent, or 
approximately one- third, of the instances was a 
history of diarrhea obtained. In 11 per cent the 
onset of the picture was with diarrhea. This 
finding became more important clinically when 
it was recent and its characteristics were clear in 
the patient’s mind. Such a finding with the 
hepatic picture, when the considerations in dif- 
ferential diagnosis given above are exhausted, 
warrants a therapeutic trial with emetine. Es- 
tablishment of the diarrhea as a manifestation of 
amebiasis or the finding of positive stools without 
dysentery was most important, for it established 
in the patient the presence of the etiologic agent. 

In some reports (3) positive stools have been found 
in up to 70 per cent of the patients. The incidence 
should be higher than 29.4 per cent in our group 
for, although stool examinations were adequate 
in some patients, in others only one specimen was 
examined. Faust (4) has reported that in our 
community carrier rates are well over 10 per cent. 
Such high rates mean that in approximately that 
percentage of patients with any disease, infectious 
hepatitis or cirrhosis of the liver for example, the 
stools would be likely to be positive. As strongly 
suggestive as such a finding is, it is not pathog- 
nomonic of hepatic amebiasis in such patients. 
This finding would increase in importance in areas 
where carrier rates are low, but under any cir- 
cumstance it establishes the presence of E. histoly- 
tica in the body and in the presence of the hepatic 
picture we have described, in the absence of any 
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other satisfactory explanation for it, the institu- 
tion of therapy for hepatic amebiasis is warranted. 

In only 11, or 19 per cent, of the cases were went- 
genologic findings absent. In 47, or 81 per cent, 
the signs were positive. In 15 (26 per cent) 
characteristic diaphragmatic bulging was seen; 
in 18 (31 per cent) elevation and impaired move- 
ment of the diaphragm, and in 14 (24 per cent) 
similar evidences in association with changes in 
the pleura and right lower lobe. As would be ex- 
pected, there was a tendency for the roentgeno- 
logic findings to become more positive as the pic- 
ture progressed. Such findings are important as 
guides in the demonstration of areas from which 
to aspirate pus. In 50 per cent of the cases as- 
piration, guided by this means and several times 
by bulging in the abdominal wall, demonstrated 
typical pus. In 11 per cent rupture occurred into 
a bronchus with characteristic sputum. 

In 15 (26 per cent) of the 58 instances, roent- 
genologic findings were either not sufficiently diag- 
nostic to warrant a tentative diagnosis to indicate 
an area to tap, or such evidence was altogether 
absent. Of the 18 with elevation of the dia- 
phragm only, in 11 pus was obtained by tap and 
in 5 at operation. Collateral evidence helped 
settle the diagnosis in the other 2. In both diar- 
rhea was associated, and in 1 the complement 
fixation test was positive. 

Roentgenologic signs were, therefore, invaluable 
in the demonstration of hepatic involvement and 
spread of the disease and as an indication of the 
avenues for aspiration for pus. Most of the pa- 
tients with characteristic roentgenologic signs are, 
therefore, included in the group of those with 
characteristic pus. It is obvious that characteris- 
tic bulging in the roentgenogram is a late finding. 

Chocolate sauce pus is the closest approach to a 
final diagnosis, and in some instances the organism 
may be found in it. It is practically diagnostic 
of amebic hepatic abscess. In 55 of the 58 pa- 
tients the diagnosis was finally settled in this 
way, 27 times by diagnostic tap and in the re- 
mainder through therapeutic closed or open 
drainage. One patient refused treatment and left 
the hospital; 2 others were diagnosed at post- 
mortem examination. The fact that pus was 
demonstrated early in the hospitalization in 27 
patients and eventually in 55 indicates the delay 
in diagnosis and treatment entailed by temporizing 
for this final diagnostic criterion. 

The occurrence in combination, in the same 
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patient, of several of the collateral diagnostic 
aids discussed above, such as roentgenologic signs, 
diarrhea or organisms in the stools, certainly makes 
the presumptive diagnosis one of high degree 
and warrants therapeutic trial with emetine. 
Fifty-three per cent of the patients showed either 
diarrhea, organisms, or both. An outstanding 
deficiency in the data in our group is the lack of use 
of the complement fixation test. With awareness 
of the possible occurrence of hepatic amebiasis, 
the addition of this test to the above data would 
no doubt increase the early diagnoses and reduce 
the number of. patients reaching the stage where 
pus is aspirated. Further development of and 
more widespread use of the complement fixation 
test is sorely needed in hepatic disease. In only 
2 of our patients was it done and in both of these 
it was positive. The results, however, were not 
learned until therapy was well in progress, for we 
must send material away for this test and the prob- 
lem is usually settled by the time the results are 
obtained. It could be a highly helpful procedure 
if made available. 

The above data clearly indicate that the diag- 
nosis of hepatic amebiasis approached desirable 
criteria only when characteristic pus with, but 
usually without, demonstration of the organisms, 
was obtained. This was always late in the dis- 
ease, in our group from two weeks to seven months 
following the beginning of a distinctive clinical 
picture. It is known that at times symptoms may 
be absent or minimal until late disease or even rup- 
ture (5). In 50 of the patients in whom the onset 
of the picture could be established with some cer- 
tainty, two weeks to five months, an average of six 
and a half weeks, elapsed from the onset until 
diagnosis was satisfactorily made. Based on the 
criterion of demonstration of characteristic pus, 
our diagnoses will always be late and our chances 
of an early preventive and therapeutic approach 
will be small. Amebic hepatic disease is impor- 
tant often long before pus is available and we must 
depend upon findings less diagnostic than the ideal 
or sit back and wait until disease has progressed 
to the advanced stages mentioned above. Many 
times, therefore, the clinician standing at the bed- 
side of the patient should, and must, make a 
diagnosis in the absence of absolute data, despite 
the fact that he is extremely anxious for such in- 
formation and may have sought it diligently. 
This situation is by no means unique in hepatic 
amebiasis. In pulmonary tuberculosis the diag- 


nosis rests upon the demonstration of the tubercle 
bacillus in the sputum or in the tissues. The 
clinician’s greatest desire, however, is to diagnose 
and treat the disease sufficiently early so that it is 
impossible to demonstrate clinically the presence 
of the tubercle bacillus. This desire should also 
apply to amebic hepatic disease, for here, as our 
patients demonstrate, clinical signs and symptoms 
are likely to develop long before it is possible to 
demonstrate clearly characteristic pus or the pres- 
ence of Endamcha histolytica . In any disease in 
which results in therapy are based primarily upon 
early diagnosis the absolute criteria for diagnosis 
are likely to be absent. Errors in diagnosis are 
likely to occur, but if one waits until criteria are 
absolutely fulfilled, great hazard is added to the 
life of the patient and potential benefits from treat- 
ment are greatly reduced. No better examples of 
these principles can be found than in the treatment 
of tuberculosis, carcinoma and amebic hepatic 
disease. 

There remained 23 instances in our group in 
which pus was not demonstrated, nine with eleva- 
tion of the diaphragm. Eleven showed evidences 
of colonic amebiasis and one a positive comple- 
ment fixation test. One died of coronary occlu- 
sion within a month of treatment for hepatic 
amebiasis. Healing amebic hepatitis was found 
postmortem. Thus, in 14 of the 23, the criteria for 
diagnosis, short of demonstration of pus, were met. 
In 9 the diagnosis was unsupported by collateral 
findings. Here especially, we would like to have 
had complement fixation tests. All 23 reacted 
dramatically to emetine alone. They showed his- 
tories and, in general, the development of clinical 
findings in all ways similar to the group of 58 with 
proved abscess. As a matter of fact, a number of 
the patients with proven abscess gave histories 
and findings identical with these for some days to 
weeks before progression to obvious abscess forma- 
tion. At such a time the physician may follow 
one of two courses. He may neglect to treat the 
patient specifically because of the inadequacy of 
the diagnostic findings and permit the picture to 
progress with the development of symptoms either 
until resolution takes place as a natural course of 
events or until the disease progresses and definite 
evidences, cither by bulging or by rupture, indi- 
cate the presence of hepatic abscess. The second 
course is to treat the patient with emetine bec-vint 
of the high clinical suspicion of this di-case and 
determine in a period of five or six days cither the 
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presence of amebic hepatitis through therapeutic 
results or, with high probability, the absence of 
this disease if therapy is not effective. In the 
authors 1 opinion, both the physician and the 
patient should be most desirous of the latter 
course, for in the latter group the mortality rate 
was 0, while in the abscess group it was 5.2 per 
cent. 

There is much evidence in the literature (6, 7) 
to indicate the importance as a clinical entity of 
the earlier phases of amebic hepatic disease before 
frank abscess can be diagnosed. Over thirty 
years ago Rogers described a “presuppurative” 
stage (1). By this he meant to differentiate the 
stage of abscess formation from simple amebic 
hepatitis. It is impossible to be certain that small 
single or multiple abscesses are not present in 
these instances without location or size which 
permits bulging to be recognized. Even at times 
when known abscess occurs (8) treatment with 
emetine alone may be successful. We have seen 
several such patients, not in this group, in whom 
diagnostic tap of only a few cubic centimeters of 
pus established the diagnosis. However, the 
dangers of rupture and spread, with the added 
mortality of these complications, demand closed 
drainage, preferably preceded by emetine when 
pus is located. Since a colonic source of amebae 
is assumed in all our patients, whether or not 
amebae were demonstrated in the stools, a course 
of chiniofon or diodoquin was given. 

The history and physical examination uncover- 
ing the hepatic clinical picture already described 
do not warrant a therapeutic test until other pos- 
sibilities in diagnosis are considered and evidence 
speaks against them, w r hile the awareness of the 
possibility of amebic infection leads to establish- 
ment of the presence of colonic amebiasis, roent- 
genologic findings in the liver area, a positive com- 
plement fixation test, or, finally, pus, if a desirable 
area for^ tap is found. The promiscuous use of 
emetine, without the above attempts, is to be 
discouraged, for there are dangers in the use of 
this drug. In our group, 78 patients w r ere treated 
with 6 to 12 grains of emetine hydrochloride, 1 
grain daily subcutaneously or intramuscularly. 
Only once did un toward symptoms occur and these 
w'ere cardiac. If treatment with emetine is re- 
warded by cure, twn possibilities exist. Either 
the therapy and cure were coincidental, or there 
was a cause and effect relationship. The former 
is possible, especially if the diagnosis is in error, 
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for because of inadequate criteria for diagnosis an 
occasional self-limited disease of the liver will be 
treated as amebiasis. While spontaneous cure 
or a remission in the disease is possible, the added 
risk attending the progress of the picture to a 
definite stage of abscess is so great that no one 
should permit it merely to satisfy his diagnostic 
curiosity. The introduction of closed drainage 
with emetine reduced the mortality of amebic 
hepatic abscess from figures over 50 per cent to 5 
to 14 per cent (7). Awareness of the possibility 
of the occurrence of this disease wiien the clinical 
findings occurred, with early treatment with ade- 
quate doses of emetine alone, reduced this figure in 
our group to 0. 

conclusions 

(1) The most important factor in the early 
recognition of amebic hepatitis is the awareness 
of the possible occurrence of the disease. 

(2) Early diagnosis of hepatic amebiasis was 
shown in our group of patients to rest on collateral 
diagnostic findings, especially the presence of in- 
testinal amebiasis, roentgenologic signs, and the 
complement fixation test. More widespread use 
of the latter test is indicated. 

(3) Early diagnosis, before the stage in which 
pus could be demonstrated, in our group, led to 
effective treatment with emetine alone. Danger- 
ous procedures and the stage of the disease in 
w r hich prognosis is at its worst w T ere thereby 
avoided, with marked reduction in the mortality 
rate. 

(4) Diligence and care in the demonstration of 
eviden ces of amebiasis in patients with such clin- 
ical pictures, through stool and roentgenologic 
examinations, and the complement fixation test, 
together with clinical acumen in ruling out other 
causes of the clinical picture, will reduce both 
errors in diagnosis and promiscuous use of emetine 
to a minimum, and, despite occasional errors in 
diagnosis, will place the treatment of hepatic 
amebiasis on the desirable plane on which the 
treatment of early carcinoma and early pulmonary 
tuberculosis now r rest. 
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In a previous communication (1) there was re- 
ported the finding of changes in the rectal mucosa 
in 60.7 per cent of 155 Puerto Rican young men who 
were otherwise healthy except that ova of Schisto- 
soma mansoni were found on fecal examination. 
The same group was observed to determine if any 
changes could be discovered in the blood picture. 
It has been shown by various authors (2-5) that 
hematological changes occur at various stages of 
the disease such as leukocytosis and eosinophilia 
in the early or invasive stage and that a typical 
B anti's syndrome may occur late in the course of 
the disease. In so far as the authors are aware 
no hematological studies have been reported on 
young adults who had no clinical symptoms and 
in whom the infection was discovered by routine 
stool examination. 

At the time this work was being carried on stool 
examinations were made of the entire group of 
inductees by members of the Antilles Department 
laboratory and the results of that survey will be 
reported by Weller and Dammin (6) . The method 
of fecal study was the Hoffman modification of the 
De Rivas concentration technique. 

None of the persons included in this study had 
microfilariae in the peripheral blood. 

It was found that relatively few individuals had 
infections with Schistosoma viansoni alone, and the 
majority of them had ova of other intestinal para- 
sites in their stools. Thus the problem of evaluat- 
ing the blood picture was complicated by multiple 
intestinal parasitic infections. Accordingly the 
individuals have been divided into groups for 
analysis as follows. 

Persons 


Schistosoma ntansoni infections only 17 

S. ntansoni and Tricoccphahts trichiurus .. 24 

S. viansoni and Hookworm 16 

S. ntansoni , Hookworm and T. trichiurus 66 
5. mansoni, Hookworm, Strongyloides 
slercoralis, and T . trichiurus 9 


1 Lt. Colonel, M.C., AUS. 

2 Captain, M.C., AUS. 

3 Captain, M.C., AUS. 


persons 


S . viansoni , Hookworm, Ascaris lumbri - 

coidcs , and T. trichiurus 7 

S . viansoni , S. slercoralis, Hookworm 4 

S. viansoni , T. trichiurus , S. slercoralis.. . 1 

S. viansoni , A . lubricoides } S. slercoralis 

and T. trichiurus 1 

S . ntansoni , S . stercoralis 1 

S. matisoniy A . lubricoides, Hookworm, 

S. strongyloides , and T. trichiurus 1 

Total studied 147 


It is clearly seen that while S. viansoni was the 
parasitic infection common to all of these persons 
there were other infections in all but 17 of the 
group of 147 individuals. 

SCHISTOSOMA MANSONI INFECTIONS ONLY 

Table 1 gives the results of the blood counts in 
17 persons infected with 5. mansoni only. The 
most striking feature of this table is the fact that 
the counts are relatively normal. There was ade- 
quate hemoglobin and the number of erythrocytes 
in every case was well within normal limits. There 
was elevation of the total leukocytes in 5 of the 
patients the highest count being 14,700 per cu. mm., 
but the differential blood counts were not markedly 
changed. The distribution of the eosinophiles 
for this group is of special interest and that data 
is shown graphically in Chart 1 which shows that 
there was complete absence of eosinophiles in 3 
individuals while in 8 others there were from 1 to 5 
per cent. Only 4 of those examined had between 
6 and 10 per cent eosinophiles and there were 2 
individuals having 11 and 14 per cent eosinophiles 
respectively. 

SCHISTOSOMA MANSONI AND OTHER INFECTIONS 

5. mansoni and Tricocephalus trichiurus . The 
second group of 24 individuals was that in whom 
the only other parasite found was T . trichiurus. 
While it is not possible to state just what clinical 
symptoms if any can be caused by this parasite, 
it is generally looked upon as an incidental labora- 
tory finding without clinical significance. It is 
of interest to note that in table 2 there is marked 
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similarity with the findings of S. mansoni infection 
alone. In fact this is most clearly shown in the 
chart where the distribution pattern of eosinophiles 
is almost identical for the 2 groups. 

«!>. waits o)ii and Bookworm. The second group 
in this series was composed of 16 persons who 
harbored S. mansoni and hookworm infections. 
The results of the blood counts are shown in table 

3 and the distribution of eosinophiles is graphically 
represented in the accompanying chart. As in 
the former groups there were no significant changes 
in the erythrocytes and hemoglobin. There were 

4 persons in whom the total leukocytes were ele- 

TABLE 1 

blood counts in 17 persons infected with schistosoma 
mansoni but without clinical symptoms 


nophilia and 1 of these had an increase in total 
leukocytes. 

S. mansoni, Bookworm, A. lumbricoides, T. 
Irichiurus. This group was composed of 7 persons 
whose findings are shown in .detail in table 6 and 
also in the chart for distribution of eosinophiles. 
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vated. Eleven persons had more than 5 per cent 
eosinophiles. 

S. mansoni, Hookworm and T. irichiurus. There 
were 66 persons with the combination of both 
hookworm and T. Irichiurus infections in addition 
to 5. mansoni. The blood counts of these in- 
individuals are given in detail in table 4 and the 
distribution of eosinophiles is shown in the chart. 
There were 25 of this group who had 5 per cent or 
less eosinophiles. A total of 19 had more than 
10,000 leukocytes and 12 of these had eosinophiles. 

S. mansoni, Hookworm, Strongyloides slercoralis 
and T. irichiurus. There were 9 persons included 
in this group and the details of their examinations 
are shown in table 5. There were 6 who had eosi- 
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CHART 1 

Distribution or Percentages or Eosinophiles 
Among Persons Ineected With Schistosoma 
mansoni and Other Intestinal Parasites 

S. mansoni and other intestinal parasitic injec- 
tions not listed above. The numbers of examina- 
tions in each group were so small that these findings 
have been grouped into a single table namely, 
table 7 where the details of the examinations are 
given. The impressive feature of this table is that 








TABLE 2 


Blood counts in 24 persons infected with Schistosoma 
mansoni and Trichocephalus trichiurus hut without 
any clinical symptoms 


eryth- 

ro- 

cytes 

IN 

MIL- 

LIONS 

HEMO- 

GLOBIN 

IN 

GRAMS 

LEUKO- 
CYTES 
PER CU. 
MM. 

DIFFERENTIAL BLOOD COUNT — PER- 
CENTAGES 

Poly - 

mor- 

pho- 

nuclear 

Eosi- 

no- 

philes 

Lym - 

pho- 

cytes 

Mono- 

cytes 

Baso- 

philes 

4.61 

15.4 

4,850 

62 

3 

35 



4.92 

16.0 

10,300 

52 

3 

45 



4.25 

17.2 

7,350 

55 

3 

42 



4.94 

15.9 

6,350 

57 

2 

41 



4.77 

15.0 

6,800 

57 

2 

41 



3.98 

14.1 

8,150 

50 

3 

47 



4.49 

19.0 

12,000 

66 

2 

25 

7 


4.32 

14.0 

7,250 

49 

10 

41 



4.24 

15.0 

9,750 

67 

0 

33 



6.15 

16.0 

11,250 

69 

3 

25 


3 

5.76 

19.1 

9,800 

53 

15 

32 



4.93 

15.8 

7,950 

46 

10 

44 



5.02 

16.0 

7,000 

56 

4 

40 



4.71 

17.1 

9,950 

61 

12 

26 

1 


4.65 

13.5 

8,200 

66 

11 

23 



5.29 

15.5 

11,650 

57 

9 

34 s 



5 . 40 ; 

17.5 

11,900 

55 

-10 

35 



4.87 

17.0 

12,400 

49 

8 

43 



5.74 

17.0 

8,300 

60 

2 

38 



5.53 

18.0 

5,050 

63 

4 

33 



5.02 

16.5 

14,300 

59 

1 

40 



4,90 

15.8 

11,000 

80 

1 

19 



5,03 

15.0 

11,200 

60 

4 

36 



5.05 

18.5 

7,550 

65 

3 

30 

2 



TABLE 3 


Blood counts in 16 persons infected with Schistosoma 
mansoni and hookworm but without any 
clinical symptoms 


ERYTH- 

RO- 

CYTES 

IN 

MIL- 

LIONS 

HEMO- 

GLOBIN 

IN 

GRAMS 

LEUKO- 
CYTES 
TER 
CU. MM. 

DIFFERENTIAL BLOOD COUNT— PER- 
CENTAGES 

Poly- 

mor- 

phonu- 

clcar 

Eo- 

sino- 

philes 

Lym- 

pho- 

cytes 

Mono- 

cytes 

Baso- 

philes 

5,04 

16 

7,200 

64 

6 

30 



5.29 

17 

11,050 

62 

5 

33 



4.47 

15 

6,900 

70 

6 

24 



5.30 

18.0 

7,850 

62 

16 

22 



4.81 

16.0 

7,850 

59 

7 

34 



4.77 

15.0 

5,500 

63 

0 

27 



4.30 i 

15.0 

7,350 

57 

1 

30 



4.85 | 

14.5 

5,950 

- 54 

9 

43 

3 


5.18 | 

17.9 

11,750 

53 

14 

31 


2 

5.03 | 

18.5 

11,650 

73 

0 

27 



5.19 | 

15.1 

12,650 

i 62 

S 

30 



5.17 

16.1 

7,900 

49 

8 

43 



4.50 

15.5 

9,900 

57 

14 

29 



4.16 

12.8 

7,S50 

‘ 59 

13 

28 



4.70 

15.9 

7,900 

55 

6 

37 

2 


5.50 

j 17.0 

5,300 

66 

2 

31 

1 



TABLE 4 


Blood counts in 66 persons infected with Schistosoma 
mansoni hookworm and Trichocephalus trichiurus 
hut without any clinical symptoms 


ERYTH- 

RO- 

CYTES 

IN 

MIL- 

LIONS 

HEMO- 

GLOBIN 

IN 

GRAMS 

LEUKO- 
CYTES 
PER 
CU. MM. 

DIFFERENTIAL BLOOD COUNT- 
CENTAGES 

-PER- 

Poly - 

mor - 

phonu- 

clear 

Eo - 

sino- 

philes 

Lym - 

pho- 

cytes 

Mono - 

cytes 

Baso - 

philes 

5.0 

16.0 

7,150 

65 

1 

34 



4.98 

16.0 

13,750 

52 

15 

33 



5.00 

16.0 

7,800 

53 

2 

44 



4.94 

16.1 

8,300 

50 

10 

40 



4.55 

17.0 

10,500 

“ 58 

4 

38 



4.75 

16.0 

6,800 

58 

6 

41 



4.21 

16.0 

8,250 

59 

6 

35 



5.09 

16.0 

6,750 

51 

12 

31 

5 

1 

4.02 

12.9 

10,650 

'42 

14 

40 

3 

1 

4.20 

14.0 

13,950 

55 

15 

29 

1 


5.65 

18.5 

9,900 

54 

16 

30 



4.86 

17.0 

9,200 

45 

5 

48 

2 


4.16 

15.0 

9,200 

46 

8 

46 



4.50 

15.8 

9,600 

60 

9 

31 



4.13 

14.0 

7,600 

43 

17 

40 



5.60 

17.0 

16,550 

78 

0 

22 



5.10 

15.1 

10,350 

63 

7 

30 



5.16 

17.0 

13,500 

51 

0 

49 

1 


5.25 

16.8 

7,100 

61 

0 

39 



5.87 

18.5 

7,200 

55 

14 

30 

1 


4.95 

18.0 

9,200 

65 

0 

35 



5.00 

18,1 

6,900 

54 

8 

38 



4.51 

14.0 

8,800 

73 

0 

27 



4.47 

15.7 

10,300 

67 

4 

27 


1 

4.49 

18.0 

10,250 

66 

7 

26 

1 


4.79 

17.5 

14,450 

71 

5 

23 


1 

4.79 

14.8 

9,700 

37 

29 

34 



4.88 

16.4 

7,850 

67 

0 

33 



4.82 

15.8 

9,300 

57 

3 

40 



4.71 

14.2 

13,850 

64 

8 

28 



5/02 

16.2 

13,000 

54 

0 

46 



5.28 

16.1 

11,400 

55 

6 

39 



5.07 

18.0 

6,200 

48 

8 

44 



5.98 

16.0 

11,400 

71 

1 

28 



5.01 

15.9 

11,600 

56 

15 

29 



5.72 

16.1 

11,050 

57 

8 

35 



5.25 

17.0 

7,000 

51 

5 

44 



4.58 

17.1 

9,800 

52 

2 

46 



5.70 

18.1 

8,750 

36 

30 

34 



5.00 

16.0 

6,800 

56 

13 

| 31 



5.10 

14.5 

8,700 

48 

13 

39 



5.37 

16.5 

8,800 

60 

5 

35 



5.12 

16.3 

5,600 

56 

5 

39 



4.76 

15.4 

7,250 

64 

8 

28 



5.83 

16.3 

6,150 

64 

; 6 

30 



5.19 

15.0 

10,600 

67 

7 

26 



5.04 

17.1 

i 6,350 

55 

4 

41 



5.71 

16.8 

6,800 

63 

10 

27 



4.90 

15.8 

9,200 

53 

7 

40 



4.75 

14.5 

7,200 

60 

9 

31 



5.31 

16.9 

7,150 

69 

9 

22 



4.79 

13.5 

8,450 

66 

12 

22 
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TABLE 4 — Continued 


ERYTH- 

RO- 

CYTES 

IK 

mil- 

lions 

irnvo- 

LEUKO- 

DUTERENTIAL BLOOD COUNT 

centaces 

“PER- 

IN 

GRAMS 

PER 
CU. MM. 

Poly- 

mor- 

phonu- 

clear 

Eo- 

sino- 

philes 

Lym- 

pho- 

cytes 

Mono 

cytcs 

Iiaso- 

philes 

5.03 

16.5 

6,900 

53 

8 

39 



4.98 

14.0 

11,400 

50 

13 

37 



5.11 

15.6 

8,900 

59 

0 

41 



4.63 

14.5 

8,400 

60 

4 

36 



4.98 

15.5 

6,750 

45 

6 

49 



5.59 

17.0 

6,700 

59 

7 

34 



4.41 

15.5 

7,550 

49 

4 

47 



5.57 

16.7 

8,900 

55 

15 

30 



5.03 

17.0 

8,800 

59 

11 

30 



4.71 

15.5 

8,150 

51 

11 

38 



5.00 

16.0 


67 

4 

29 



4.10 

14.0 

10,100 

59 

15 

26 



4.80 

16.0 

8,300 

50 

15 

35 



5.50 

17.0 

E ' Ml 

57 

11 

32 



5.02 

17.2 


56 

3 

41 



5.12 

15.0 

7,200 

64 

8 

28 




TABLE 5 

Blood counts in 9 persons infected with Schistosoma 
mansoni, Slrongyhides stercorolis , hookworm and 
Tricoccphalus trlchiurus but without any clinical 
symptoms 


ERYTH- 

RO- 

CYTES 

IN 

MIL- 

LIONS 

HEMO- 

GLOBIN 

IN 

CRAMS 

LEUKO- 
CYTES 
PER 
CU, MM. 

DirPERENTIAL BLOOD COUNT- 
CENTACES 

-PER- 

Poly- 
mor- . 
pbonu- 
dear 

Eo- 

sino- 

philes 

Lym- 

pho- 

cytes 

Mono- 

cytes 

Baso- 

philcs 

5.05 

17.1 

5,950 

64 

ii 

25 



5.10 

17.9 

7,950 

55 

22 

23 



6.24 

19.0 

8,150 

64 

0 

36 



5.86 

19.9 

| 9,250 

58 

14 

28 



5.36 

17.8 

11,650 

36 

4 

60 



4.76 

16.0 

7,600 

64 

4 

32 



4.80 

13.5 

7,100 

38 

17 

45 



5.70 

15.1 

13,700 

01 

13 

27 



4.50 

15.6 

8,500, 

56 

13 

31 

1 



6 of the 8 persons had eosinophiiia above 5 per 
cent. In 1 individual there were 5 different para- 
sitic infections, namely S, mansoni , A. lumbri - 
coides, Hookworm , S. stercorolis , Z\ trlchiurus. 
In this case the eosinophile count was 23 per cent. 

BLOOD COUNTS IN HEALTHY PUERTO RICAN YOUNG 
MEN 

One of us (R. R. M.) has made a study of 450 
Puerto Rican young men in the Army all of whom 
were in the same age group as those included in 


the study on asymptomatic Schistosoma mansoni 
infections. In his study the stools were examined 
by one of the concentration methods, the urine 
uas tested, the blood was found to be free from 
malaria and filaria and in all respects these in- 
dividuals could be considered as healthy persons. 
The summary of his blood examinations are given 
in table 8 but the details of this exhaustive study 
will form a separate report. 

TABLE 6 

Blood counts in 7 persons infected with Schistosoma 
mansoni f Ascaris lumbricoides t Tricocephahis tri- 
ehiurus and hookworm hit without any clinical 
symptoms 


ERYT TI- 
RO- 

BEMO- 

LEUKO- 
CYTES 
PER 
CU. MM, 

DirrERENTIAL BLOOD COUNT- 
CEKTAGES 

—PER- 

IN 

MIL- 

LIONS 

GLOBIN 

IN 

CRAMS 

Poly- 
mor- 
ph on u- 
clear 

Eo- 

sino- 

philes 

Lym- 

pho- 

cytes 

Mono- 

cytes 

Baso- 

philes 

4.45 

17.0 

7,500 

62 

7 

31 



4.67 

15.8 

6,050 

55 

5 

40 



5.60 

16.9 

10,450 

54 

11 

34 

1 


4.80 

15.5 

10,400 

73 

5 

22 



5.17 

17.9 

11,700 

67 

9 

29 



5.11 

16.1 

7,750 

62 

2 

36 



5.60 

17.0 

8,800 

67 

2 

31 




SUMMARY AND CONCLUSIONS 

(1) A study of the blood picture was made of 147 
Puerto Rican young men who had no clinical 
symptoms but in whom the infection with Schis- 
tosoma mansoni as well as other intestinal parasites 
such as Hookworm, Trichocephalus trichiurus , 
Strongyloidcs stcrcoralis and Ascaris lumbricoides 
were found on routine fecal examination. 

(2) There were 17 individuals infected with $. 
mansoni alone. In this group 5 had leukocytosis 
and 6 had eosinophiiia. The highest count was 
14 per cent and there were 3 persons who had no 
eosinophiles. 

(3) The only alterations from normal in the 
remainder of the group were increases of varying 
degree of the percentages of eosinophiles and slight 
leukocytosis. The highest eosinophiiia was 30 
per cent. The highest counts being in those in 
whom there were S. mansoni , Hookworm , and T. 
trichiurus. There were 17 individuals of the 147 
studied in whom no eosinophiles were found. 

(4) In spite of the various parasitic infections 
present in the group of 147 young men, the blood 
picture shows a striking resemblance to the blood 
findings in 450 healthy Puerto Rican males who 
were free from intestinal and blood parasites. 


BLOOD PICTURE IN INTESTINAL DISEASES 
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TABLE 7 


Blood counts in persons injected with Schistosoma mansoni arid other parasites as indicated hut without any clinical 

symptoms 



EEYTHRO- 

HEMO- 

LETJXO- 

DIFFERENTIAL BLOOD COUNTS — PERCENTAGES 

PARASITES 

i 

CYTES 

IN MILLIONS 

GLOBIN 

IN GRAMS 

CYTES PER 
CU. MM. 

Polymor- 

pbo- 

nuclears 

Eosino- 
phil es 

Lympho- 

cytes 

Mono- 

cytes 

Baso- 
phil es 

S. mansoni 

4.11 

mm 

1 

57 

0 

43 



S . stcrcoralis 

5.14 

EH 


66 

0 

34 



Hookworm 

4.93 

17.0 

m 

51 

6 

43 




5.90 

16.5 

7,750 

48 

8 

44 



S. mansoni 

T . trichiurus 

S. siercoralis 

4.61 

16.5 

11,800 

51 

13 

30 

5 

1 

S. mansoni 

A . lumhricoidts 

T. trichiurus 

S . siercoralis * 

4.80 

17.1 

8,300 

54 

1 

7 

38 c 

1 


5. mansoni 

5. siercoralis 

4.07 

13 

6,050 

57 

8 

35 



S. mansoni 

A . lumhricoidts 
Hookworm 

2 \ trichiurus 

5. siercoralis 

5.03 

15.0 

7,650 

46 

i 

1 

i 

23 

i 

28 

3 



TABLE 8 


Blood counts in 450 healthy Puerto Rican males 
(Capt. R. Rodriguez-Molina, M.C.) 



MINIMUM VALUES 

MAXIMUM 

AVERAGE 

Erythrocytes 

4,000,000 

12.6 

3,800 

27% 

19 

5,900,000 

19.4 

4,810,000 

15.4 

Hemoglobin grams 

Total Leukocytes 

21,000 

62% 

51 

8,900 

51% 

26 

Polymorphonuclear Neutrophils 

Lymphocytes 

Eosinophiles 

1 

28 

7 

Monocytes 

i 

1 

12 

3 
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It is believed that some popular accessary food 
articles and flavors in the Chinese diet may have a 
part in the transmission of intestinal parasitic 
and bacterial infections. Chang and Chin found 
(Chinese Med. Jour., 61 : 63, 1943) that the Chinese 
pickled vegetables could transmit Ascaris lumbri- 
coides. The purpose of the present study is to de- 
termine whether the Chinese soy bean sauce plays 
any role in the transmission of diseases caused by 
organisms of the typhoid-dysentery group. At- 
tempts are made (1) to see whether natural con- 
tamination of the sauce with these organisms 
occurs and (2) to ascertain how long these or- 
ganisms when inoculated into this medium can 
survive in it. Our preliminary findings which 
we deem of sufficient interest are hereby reported. 

The sauce is a water extract of soy beans in con- 
centrated salt solution. In its preparation, the 
soy beans are first boiled in water and then exposed 
to air for fermentation. The well fermented 
beans are then soaked in salt solution, consisting 
of 10-20 lbs. of common salt in about 100 lbs. of 
water. The latter is generally taken from nearby 
shallow wells and is not heated nor sterilized in 
any way. This mixture is put aside for a few days, 
and then filtered through a bamboo sieve. The 
filtrate thus obtained is the soy bean sauce. It is 
either sold immediately or stored in big earthen- 
ware receptacles for a period varying from a few 
days to many months. These receptacles are 
frequently exposed to air and sunlight. In the 
households, the sauce is either used for cooking 
or consumed raw. In the latter case, the food 
articles, especially the cold varieties, are soaked in 
the sauce to get additional flavours. 

METHOD OF STUDY 

I. Collection of samples 

Samples were secured from various soy bean 
sauce shops distributed throughout the city. 
From each shop three samples were obtained. 
The most popular shops were selected. Each 
sample, consisting of about 20 cc. of sauce, was 


collected in a sealed sterile tube, care being taken 
to prevent contamination. 

2 . Reaction and salt concentration of the samples 

Because it w*as impossible to determine the pH 
values of the sauce by the colorimetric method, 
owing to its dark color, the reaction was tested 
by litmus paper. The salt concentration of the 
sauce was determined by titration with 0.1 normal 
silver nitrate solution. One cc. of the sauce was 
diluted to about 400-500 cc. with double distilled 
water and then titrated against the above men- 
tioned solution. The end point was taken, when 
no more fresh white precipitate was formed. The 
salt concentration could be easily calculated on the 
assumption that all the chloride was combined 
with sodium. For instance, 1 cc. of 0.1 normal 
silver nitrate corresponds to 0.0058 gram of sodium 
chloride. The latter factor (0.0058) times the 
volume in cc. of 0.1 normal silver nitrate used 
would give the actual weight of sodium chloride 
in any particular sample. 

3. Isolation of pathogenic organisms from the sauce 

One drop (equal to 0.05 cc.) of each sample of 
the sauce was inoculated into a China blue rosalic 
acid agar plate, and 1 cc. into 9 cc. of meat in- 
fusion broth (pH 7.6). The media were incubated 
at 37 °C. and examined for growth 24 and 48 hours 
later. If positive, the organisms were identified 
accordingly. 

4 . Survival of inoculated organisms in the sauce 

One loopful of jE. typkosa, 5. dyscnlcriac (Shiga) 
or V. cholerac was inoculated into one of the three 
tubes, each containing 1 cc. of the sauce. Two 
sets were prepared. One set of the inoculated 
tubes was kept in the incubator (36-38°C.), and 
the other set at room temperature. After 24 
hours, cultures were made on China blue rosalic 
acid agar plate; if no growth in the plate was ob- 
tained, the inoculated sauce in each separate tube 
was transferred to meat infusion broth to sec 
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whether the inoculated organisms could be re- 
covered. If positive, transfers were made to new 
media at various intervals to detect the surviving 
periods of .the respective organisms. The or- 
ganisms recovered were checked accordingly by 


1) . Six samples (B : , B j/ G, C 3 , F s , I 2 ), were found 
to-be contaminated with E.coli, presumably of fecal 
origin, two samples (As, Ei), with E. lyphosa, two 
samples with 5. paradyscnleriae, (E 3 with flexner 
and Ai with sonnei type), and one sample (Bi), with 


TABLE 1 

Pathogenic organisms isolated from soy bean sauce 
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ORGANISMS ISOLATED 


date: 
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I Sugar reactions 
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*CJ 



(1913) 

* 

0 w 

*2 

0 „ 

— rt C. 
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O 
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-C 
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H 

0 
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u 

rt 
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0 

u 

S3 

O 

*c 

rt 

«<; 

0 

*rt 

fi 

diagnostic scrum 

species of organism. 

Ai 

Sept. 8 

Acid 

8.1 

0 

4- 

Bacilli 

Neg. 


A 

A 

A 

A 


S. paradyscnleriae 

S. paradysenleriae 










(af- 





sonnei dilution 

sonnei 










ter 





1/1,280 











24 
















brs.) 







Ai 

8 

Add 

11.7 

+ 

+ 

Bacilli 

Neg. 

4* 

0 

A 

A 

A 


E. lyphosa; dilution 

E. lyphosa 















1/320 


Ai 

8 

Acid 

14.0 

0 

0 











Bi 

Sept. 22 

Acid 

10.4 

0 

4- 

Bacilli 

Neg. 

4* 

0 

AG 

AG 

AG 



Salmonella bacilli* 

Bi 

22 

Acid 

16.2 

0 

+ 

Bacilli 

Neg. 

4 

AG 

AG 

AG 

AG 

4“ 


Coli form organism 

Bi 

22 

Add 

11.6 

0 

4. 

Bacilli 

Neg. 

■4 

AG 

AG 

AG 

AG 

+ 


Coliform organism 

Ct 

Sept. 28 

Add 

12.1 

0 

0 










Coliform organism 

Ci 

28 

Acid 

13.5 

0 

•f 

Badlli 

Neg. 

4- 

AG 

AG 

AG 

AG 

+ 


Cl 

28 

Acid 

12.0 

0 

+ 

Badlli 

Ncg. 

+ 

AG 

AG 

AG 

AG 

4 


Coliform organism 

Di 

Oct. 1 

Acid 

14.3 

0 

0 











Di 

1 

Acid 

11.6 

0 

0 











Di 

1 

Acid 

11.0 

0 

0 











Et 

Oct. 5 

Acid 

11.8 

4- 

I 4- 

Bacilli 

Neg. 

4- 

0 

A 

A 

A 


£. lyphosa dilution 

£. lyphosa 





1 




1 





1/1,280 


Ei 

S 

Acid 

| 16.2 

0 

0 









S. paradysenleriae 

S. paradysenleriae 

Et 

5 

Add 

11.3 

0 

+ 

Badlli 

Neg. 

— 

0 

A 

A 

0 















jlcxner 1/1,280 

jlcxner 

Ft 

Oct. 12 

Acid 

,17.9 

0 

0 










Coliform organism 

F* 

12 

Add 

15.6 

0 

+ 

Bacilli 

Neg. 

4- 

AG 

AG 

AG 

AG 

4- 


Fi 

12 

Acid 

12.4 

0 

0 











Gi 

Oct, 15 

Add 

13.9 

0 

0 











Gi 

15 

Add 

19.4 

0 

0 











Gi 

IS 

Acid 

15.6 

0 

0 











Bi 

I Oct. 19 

Acid 

17.0 

0 

0 











Ht 

19 

Add 

16.0 

0 

0 











Hi 

19 

Acid 

13.3 

0 

0 











Ii 

Ii 

Oct. 25 
25 

Add 

Acid 

11.0 

14.1 

0 

0 

0 

4- 

Bacilli 

Neg. 

4 

AG 

AG 

AG 

AG 

4- 

- 

Coliform organism 

Ii 

25 

Add 

10.9 

0 

0 











Ji 

25 

Add 

17.8 

0 

0 











Ji 

25 

Acid 

16.0 

0 

0 











J» 

25 

Acid 

13.3 

0 

0 












A *= Acid. 

G ** gas. 

' • Species not identified, for specific sera were not available. 

sugar reactions and agglutination against specific 
diagnostic sera. 

RESULTS 

The samples analysed were distributed prac- 
tically throughout the city. Altogether, thirty 
samples of soy bean sauce were examined (table 


an unidentified bacillus of the Salmonella group. 
Evidently, the present examination must have 
missed a number of positive findings in samples 
with only light contamination; yet typhoid-dysen- 
tery organisms were fairly commonly found. Fur- 
thermore, E. lyphosa were present even in 0.05 cc. of 
the sample inoculated directly on agar plate, which 
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would certainly indicate a rather heavy contamina- 
tion. As the soy bean sauce is very frequently 
consumed raw, its contamination with these or- 
ganisms may seriously endanger health. Although 
the salt concentration of the samples ranged from 
8.1% to 19.4% and the reactions were always acid, 
pathogenic organisms seemed to survive well in 
these markedly hypertonic and acid solutions. 


temperature varying from 36° to 3S°C. E. iyplwsa 
lived longer than 5. dyscnicriac and the longest 
period of life for the former organisms in the 
sauce so far noted was 29 days as in the case of 
sample E*. Four to twelve days of survival 
was fairly common. For example, Samples Di, 
and D 3 lived for 4 days; A 2 , 10 days; and Ei, 12 
days. F. cliolerac lived neither at room tempera- 


TABLE 2 

Time of survival of organisms inoculated into tlx sauce 


SURVIVAL or INOCULATED ORGANISMS ATTEK 24 ITOURS 


SAMPLE NO. 

BATE (1943) 

SALT CONCEN- 
TRATION IN % 

REACTION 
TO LITMUS 

Room temp. (25-17*C.) 

Incubator temp. (36-3$*C.) 

E. typhosa 


V, cholcrae 

E. typhosa 

5. dy:cr,- 
teriae 
(shiga) 

V. chiterae 

A, 

Sept, 8 

8.1 

Arid 

+ 

+ 

— 

— 



— 

As 

8 

11.7 

Acid 

+ 

+ 

— 

— 

— 

— 

A, . 

8 

14.0 

Acid 

+ 

— 

— 

— 

— 

— 

B* 

Sept. 22 

10.4 

Arid 

+ 

— 

— 

— 

— 

- 

b 2 

22 

16.2 

Arid 

+ 

— 

— 


— 

— 

B, 

22 

11.6 

Arid 

+ 

— 

— 

— 

— 

— 

c, 

Sept. 28 

12.1 

Arid 


— 

— 


— 

— 

c, 

28 

13.5 

Arid 

— 

+ 

— 

— 

— 

— 

c, 

28 

12.0 

Arid 

— 

+ 

— 


— 

— 

D, 

Oct. 1 

14.3 

Arid 

+ 

+ 

— 

— 

— 

— 

Dj 

1 

11.6 

Arid 

+ 

+ 

— 

— 

— 

— 

D, 

1 

11.0 

Acid 

+ 

+ 

— 

— 

— 

— 

Ei 

Sept, 5 

11.8 

Arid 

+ 

4- 

— 

— 

— 

— 

E, 

5 

16.2 

Acid 

+ 

+ 

— 

— 

— 

— 

Ej 

5 

11.3 

Acid 

+ 

+ 

— 

— 

— 

— 

F, 

Sept. 12 

17.9 

Arid 

+ 

+ 

— 

— 

— 

— 

Fs 

12 

15.6 

Arid 

+ 

+ 

— 

— 

— 

— 

F, 

12 

12.4 

Arid 

+ 

+ 

— 

— 

— 

— 

Gi 

Sept. 15 

13.9 

Arid 

i + 

+ 

— 

— 

— 

— 

Gi 

15 

19.4 

Arid 

+ 

+ 

— 

— 

— 

— 

G, 

15 

15.6 

Arid 

+ 

1 + 

— 

— 

— 

— 

H, 

Sept. 19 

17.0 

Acid 

— 

— 

— 

— 

— 

— 

H, 

19 

16.0 

Arid 

+ 


— 

— 

— 

— 

H, 

19 

13.3 

Arid 

+ 

— 

— 

— 

— 

— 

Ii 

Sept. 25 

11.0 

, Arid 

— 

— 

— 

— 

— 

- 

I* 

25 

14.1 

' Arid 

+ 

+ 

— 

— 

— 

— 

I. 

25 

10.9 

Arid 

+ 

+ 

— 

— 

— 

— 

Ji 

25 

17.8 

Arid 

+ 

+ 

— 

— 

— 

— 

h 

25 

16.0 

Add 

— 

+ 

— 

— 

— 

— 

h 

25 1 

13.3 

Arid 

— 

— 

— 

— 

— 

**■ 


The results of inoculation of specific organisms 
into the various samples of the sauces arc tabulated 
in table 2. It is interesting to note that after 
having been inoculated into the soy bean sauce, 
both E . typhosa and 5. dyscnicriac could survive 
for at least 24 hours in most instances, and their 
survival was much better at room temperature, 
ranging from 17° to 25 C C., than at the incubation 


ture nor in incubator in the inoculated specimens 
for more than 24 hours. 

DISCUSSION' 

The fact that the Chinese soy bean sauce is very 
commonly contaminated by organisms of the 
typhoid and dysentery group is certain. A num- 
ber of interesting questions, however, need further 
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investigation, for example: When and where docs 
the contamination take place? Does it occur 
during the process of manufacturing, storage or 
distribution? Why do the typhoid and dysentery 
bacilli live better at the room temperature than 
in the incubator? Would the hypertonicity or 
other constituents in the sauce in any way modify 
the virulence of the contaminated organisms? 
Some of these points shall be studied in further 
experiments. 

SUMMARY 

1. This experiment was made to determine 
whether the Chinese soy bean sauce plays any part 


in the dissemination of diseases caused by organ- 
isms of the typhoid and dysentery group . 

2. Thirty samples of sauces were examined; 
35% of these samples showed evidence of con- 
tamination either with E. coli , E . lyphoso, S. dysen - 
teriaCy or Salmonella bacilli. 

3. The hypertonidty and aridity of the samples 
have no significant germicidal effect on these or- 
ganisms, and E . typhosa inoculated into the sauce 
can survive for many days. 

4. The fact that the soy bean sauce is frequently 
consumed raw and often contaminated with the 
typhoid-dysentery group of organisms suggests 
the possibility that they play a part in the dis- 
semination of intestinal infections in this country. 
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In a recent stud}^ conducted in general hospitals 
and other institutions, it was discovered that 
among the patients with tuberculosis confined in 
sanatoriums there was a significantly higher in- 
cidence of positive trichinella skin tests than among 
the patients in general hospitals (1). The present 
study was undertaken to determine if the high 
incidence of positive skin tests in persons with 
tuberculosis (14.3 per cent as opposed to 7.1 per 
cent in persons without tuberculosis) could be 
accounted for by unrecognized subclinical institu- 
tional epidemics, or if some biologic factor is in- 
volved. 

In order to keep the institutional factor con- 
stant, the control nontuberculous group was chosen 
from patients confined in hospitals for years. 
This group was, of necessity, composed chiefly of 
psychiatric patients, and it was found that these 
patients themselves gave abnormal responses to 
the skin tests. Because of this unexpected find- 
ing, the experiment could not answer clearly either 
of the questions posed above. The suggestive 
evidence that an unrelated disease process may 
alter the interpretation of the trichinella test 
warrants the presentation of the inconclusive data 
and the discussion of their possible implications, 
with the hope of stimulating further investigation. 

material 

A total of 1586 patients were subjected to skin 
test. The distribution of the patients by institu- 
tions is seen in table 1, which is divided into tuber- 
culous and non-tuberculous groups. The diagno- 
sis of tuberculosis, as made at the sanatoriums, 
was accepted without question, and no attempt 
was made to detect previously unrecognized tuber- 
culosis in the control group. Since the incidence 
of positive trichinella skin tests varies with age 
(2), the initial groups were matched as closely as 
possible in age and sex, but this proved to be an 
unnecessary refinement. All of the patients had 


been confined to institutions for a period of months 
or years. Some of the institutions admit ex- 
clusively white or negro patients; others admit 
both. 

The tuberculous and non-tuberculous groups 
were analyzed according to sex, age, race, residence 
in rural and urban areas, the duration of confine- 
ment in an institution, and the extent of reaction 


TABLE 1 

Incidence by institutions 


INSTITUTION 

TESTED 

POSI- 

TIVE 

% 

North Carolina Sanatorium 

Western North Carolina Sana- 

402 

84 

20.9 

torium 

155 

19 

12.3 

Guilford County Sanatorium.. . . 

117 

20 

17.1 

Tuberculous patients 

674 

123 

18.3 

Raleigh State Hospital 

331 

44 

13.3 

Morganton State Hospital 

Forsyth County Home for In- 

330 

71 

21.5 

firm 

1 87 

5 

5.8 

Goldsboro State Hospital 

' 164 

! 37 

22.6 

Non-Tub erculous patients 

912 

157 

17.2 

Total I 

1586 

280 

17.7 


to the test. The data are summarized in tables 
2, 3, 4, and 5. 

When it became apparent that the primary dis- 
ease from which the patient suffered might be a 
greater factor in the production of positive reac- 
tions than was the length of confinement in an 
institution, the figures previously reported in the 
study of patients in general hospitals for acute 
illness, where confinement is too short to be a fac- 
tor, were added (1). The data have been rear- 
ranged in table 1-A according to the type of dis- 
ease treated at each institution. 
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METHOD 

In all instances a 1 : 10,000 dilutionof trichinelte 
extract and a phenolized phosphate buffered saline 
control solution were used. 1 An area on the flexor 
surfaces of both forearms was cleaned with alcohol, 
and two workers simultaneously injected 0.02 to 
0.03 cc. of the test solution intradermally into one 
arm and the same amount of control solution into 
the other arm. The reactions were read fifteen to 

TABLE 1-A* 


Incidence by type of disease in Institution 


INSTITUTION 

TESTED 

POSI- 

TIVE 

% 

Nattk Caxolma. 

, 4G2 

, 

, 2Q.9 

Western North Carolina Sana- 




torium 

155 

19 

12.3 

Guilford County Sanatorium 

117 

20 

17.1 

Tuberculosis Sanatoriums 

674 

123 

18.3 

Raleigh State Hospital 

331 

44 

13.3 

Morganton State Hospital 

330 | 

71 

21.5 

Goldsboro State Hospital 

164 

37 

22.6 

Psychiatric Hospitals 

825 

152 

18.4 

Forsyth County Home for 




Infirm 

87 

5 

5.8 

Chronic general hospital 

87 

5 

5.8 

Baptist Hospital 

278 

16 

5.8 

Forsyth County Hospital 

57 

8 

14.0 

Acute general hospitals 

33 5 

24 

7.2 

Total general hospitals 

422 

29 

6.9 


* Included are data on general hospitals which has 
been previously published (1). These data vary in 
minor detail from the previous report, since slightly 
more stringent criteria were used in the recalculation. 

twenty minutes and twenty-four hours later; the 
degree of erythema and wheal, and the presence 
or absence of pseudopods were noted. The re- 
action was recorded as positive if the diameter 
of the area of erythema with induration, or wheal 
with pseudopods, exceeded that of the injected 
bleb by 5 mm., either at twenty minutes or 

1 The trichineila antigen and control solutions used 
in fh?g study were supplied by Ledcrle Laboratories, 
Pearl River, New York. 


twenty-four hours. The positive reactions were 
graded from 1 to 4 plus. If the reaction exceeded 
the diameter of the injected bleb by less than 5 
mm., it was recorded as doubtful (±) and was 
counted as negative in the statistical analysis. 
If the control injection also produced a reaction, 
the test was counted as negative in the statistical 
analysis. 

New syringes and needles were obtained for the 
skin tests and these were not used for any other 
purpose. One syringe and needle were always 
used for the test solution and another for the 
control; the syringes and needles were never inter- 
changed. After being used, they were washed 
with distilled water only, placed in marked tubes 
awi sfcivlivi'i. v?x ?©. wafy&d&vi. 


TABLE 2 
Race , sex, residence 



TT7BEKCUX.OU5 

NON-TUBEE- 

CVLOVS 


TOTAL 


tJ 

o 

> 


•zJ 

V 

_> 


*ZJ 

o 



Cl 

CO 

H 

+■* 

CO 

O 

fkr 

% 

H 

Oh 

O 

(U 

% 

CO 

H 

Oh 

O 

O, 

% 

White... 

485 

88 

18.1 

706| 

115 

16.3 

1191 

203 

17.0 

Negro... 

189 

35 

18.4 

206 

42 

20.4 

395 

77 

19.5 

Male. . . 

282 

47 

16.7 

358 

65 

18.2 

640 

112 

17.5 

Female.. 

392 

! 76 

19.4 

( 

554 

92 

16.6 

946 

168 

17.8 

Rural.. . 

372 

73 

19.4 

563 

94 

16.7 

935 

' 167 

17.9 

Urban. . 

302 

50 

16.5 

349 

63 

18.1 

651 

113 

17.4 


No attempt was made to correlate the trichi- 
neila s kin test with the tuberculin skin reaction, 
since the latter could not be done on the tubercu- 
lous patients. 

results 

General 

Of the 1586 patients in the series 280 (17.7 per 
cent) gave positive tests, as compared with 10 
per cent of 700 patients in the previously reported 
series (1). The incidence was essentially the same 
in white patients and Negroes, in males and 
females, and in rural and urban residents (table 
2). The patients who had spent most of their 
lives in communities with a population of 2,500 
or less were classified as rural inhabitants. 

The incidence of positive reactors was found to 
decrease with advancing age (table 3). (The 
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tuberculous groups 60 years of age or older must 
be discounted because of their small size.) The 
incidence of positive tests in relation to the dura- 
tion of confinement in an institution was also 
determined (table 4). Discounting the very few 
tuberculous patients who had been confined for 
five years or more, the incidence of positive reac- 


TABLE 3 
Incidence by age 


AGE 

TUBERCULOUS 

NON-TUBERCULOUS 

Tested 

Positive 

% 

Tested 

Positive 

% 

10-19 

63 

18 

28.6 

83 

27 

32.5 

20-29 

278 

54 

19.4 

347 

69 

19.9 

30-39 

181 

32 

17.7 

223 

36 

16.2 

40-49 

82 

10 

12.2 

120 

13 

10.8 

50-59 

47 

5 


64 

9 

14.1 

60-69 

19 

3 

15.8 

34 

0 

0 

70-79 

4 

1 


37 

3 1 

8.1 

Unknown 

0 

0 


4 

0 

0 

Total 

674 

123 | 

18.3 

912 

157 

17.2 


rechecked for the late reaction, the figures for the 
twenty-four hour reading are of less significance 
in this group than in the tuberculous patients. 

Of the 280 positive tests, 250 were immediate 
reactions. In 20 of these the wheal with erythema 

TABLE 4 


Incidence by duration of stay in an institution 


DURATION 

OP STAY 

TUBERCULOUS 

NON-TUBERCULOUS 

Tested 

Positive 

% 

Tested 

Positive 

% 

1-5 mos. 

198 

21 

10.6 

140 

30 

21.4 

6-11 

197 

44 

22.3 

105 

18 

17.2 

12-17 

98 

20 

20.4 

92 

12 

13.4 

18-23 

51 

13 

25.5 

47 

13 

27.7 

24 r -29 

46 

15 

32.6 

50 

12 

24.0 

30-36 

23 

5 

21.7 

43 

7 

16.3 

3-5 yrs. 

31 

1 

3.2 

158 

29 

18.3 

5-10 

5 

2 

Ej 

134 

22 

16.4 

to-.. 

7 

2 

28.6 

95 

8 

8.5 

Unknown 

18 

0 

0 

48 

6 

12.5 

Total 

674 

123 

18.3 

912 

157 

17.2 


TABLE 5 


Extent of reaction 



TUBERCULOUS 

NON-TUBERCULOUS 

20 min. 

% 

24 hrs. 

% 

20 min. 

% 

24 hrs. 

% 

0 

531 

78.7 

600 

89.0 

687 

75.4 

607 

66.7 

=fc 

9 

1.4 

12 

1.8 

48 

5.3 

59 

6.5 

1+ 

65 

9.7 

18 

2.6 

84 

9.2 

25 

2.7 

2+ 

33 

4.9 | 

4 

0.6 

29 

3.2 

4 

0.4 

3+ 

11 

1.6 

0 

0 

21 

2.3 

0 

0 

4+ 

2 1 

0.3 

0 

0 

4 

0.4 

0 

0 


0 

0 

1 

0.2 

8 

0.8 

4 

0.4 


23 

3.4 

0 

0 

26 

2.9 

8 

0.8 


0 

0 

0 

0 

3 

0.3 

11 

1.2 


0 

0 

39 

5.8 

2 

0.2 

194 

21.3 

Total 

674 

100.0 

674 

■100.0 

912 

100.0 

912 

1 100.0 


T signifies Test; C signifies Control. 


tors was found to reach a peak in patients who had 
been in an institution between eighteen and 
twenty-nine months. 

The results were further analyzed by the degree 
of the reaction (table 5). The results are more 
clear-cut, with fewer false positive and unusual 
reactions, in the tuberculous group. . Since 21.3 
per cent of the non-tuberculous patients who were 
examined for the immediate reaction were not 


remained for twenty-four hours as an area of 
persistent erythema. In 30 patients, the reaction 
was delayed in type and did not appear until the 
following day. In 11 psychiatric patients in two 
mental institutions, positive reactions to the con- 
trol solution were observed at twenty-four hours, 
although the test solution gave negative results; 
this finding had not previously been noted. 

Only one of the patients with a positive reaction 





































54 


GEORGE T. HARRELL AND S. F. HORNE 


gave a history which suggested clinical trichinosis. 

No untoward reaction to the test was noted in 
any patient. - 

Patients with known allergic histories reacted 
in the same manner as non-allergic individuals. 

j Institutions 

The incidence of positive reactions at each in- 
stitution is shown in table 1-A. The variation 
is great — 5.8 to 22.6 per cent — with the highest 
and lowest figures in the non-tuberculous hospitals. 
The low incidence among the small group of pa- 
tients who were confined semi-permanently in a 
single general hospital for chronic invalids seems 
to indicate that the disease process may be more 
important than the length of confinement. 

Of the patients in tuberculosis sanatoriums 18.3 
per cent gave positive tests, as compared with an 
incidence of 17.7 per cent among patients in other 
institutions. If the data in table 1-A are used, 
the incidence in tuberculosis sanatoriums and 
psychiatric hospitals is found to be essentially the 
same. If the factor of institutionalization is ig- 
nored, the incidence in the tuberculous group 
(18.3 per cent) may be compared with that in the 
acute and chronic general hospital group, (6.9 per 
cent). 

DISCUSSION 
General conclusions 

Sex, race, and residence in rural or urban areas 
(table 2) appeared not to be significant factors. 
The group in each institution was analyzed from 
every standpoint possible, but since no factor of 
apparent significance was discovered, only the 
figures shown in the tables are given. 

Although in autopsy studies the incidence of 
trichinella infections rises with increasing age, the 
incidence of positive skin tests in this series, as in 
another series (2), decreased with increasing age. 
This finding may indicate either that skin sensi- 
tivity is lost seven to ten years after the infection, 
or that skin reactivity is less in the aged. 

The eosinophil count, which “was available in 
the tuberculosis sanatoriums and in Forsyth 
County Hospital and Home for the Aged and In- 
firm, could not be correlated with the skin reaction, 
and hence is probably of no help in the diagnosis 
of sub clinical trichinosis. This conclusion is in 
agreement with that of Gould (2). 


Skin test vs. autopsy findings 

The most accurate method of diagnosis is still 
the demonstration of the larva of the parasite in 
the tissue of the host. This is easily done at 
autopsy, when muscle from several portions of the 
body can be obtained and studied by the muscle 
press technique— which is especially useful in 
detecting old infections, including dead larvae or 
calcified cysts—, or by the digestion technique, 
which detects only the living larvae. These 
methods are definitely limited in their application 
to living patients; the amount of muscle removed 
by biopsy is small, and is best studied in the 
muscle press. Most surveys of the incidence of 
trichinosis in various parts of the country have 
, been done on autopsy material. 

Tissue methods may miss fight or early infesta- 
tions. The skin test should detect infection in 
any muscle and is less dependent on the degree 
of infestation. It usually becomes positive early 
in the disease, but may remain negative in over- 
whelming infections. The skin test has been used 
more widely for the diagnosis of trichinosis in 
suspected clinical cases than for the determination 
of the incidence of the disease in random surveys. 
Gould has reviewed the uses and limitations of the 
skin test, and has shown that in a large group of 
individuals studied in Detroit, the incidence of 
positive skin tests (5.9 per cent) was considerably 
lower than the incidence of trichinella infestations 
found at autopsy (22.6 per cent) (2). The close 
correlation in a similar study of a smaller group 
in Washington has been reported by Schapiro et 
al. (3). The incidence of positive skin tests in this 
geographic area (17.7 per cent) is considerably 
higher than the incidence of trichinella infesta- 
tions found previously in a series of autopsies 
(2.8 per cent) (4). Thus, each of these three 
studies leads to a different conclusion regarding the 
reliability of the skin test. Light subclinical in- 
fections may be a significant factor in causing this 
discrepancy, but it is also possible that some inter- 
current disease process in the patient may alter 
the reliability of the skin test. 

Types of reactions to skin tests 

Spink (5) first observed the two types of reac- 
tions to injected trichinella antigen: (1) an im- 
mediate response with [reticulated] erythema and 
wheal (fig. 1), and (2) a delayed response with 
[solid] erythema and induration (fig. 2). From 
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observations of patients known to have been re- 
cently infected, he concluded that the delayed 
response signified an infection of seventeen days or 
less, and that the reaction changed to the immedi- 
ate type after this time. We have not had an 
opportunity to observe known recent infections. 
Some additional explanation must be sought to 
account for the delayed reaction, however; for no 


In an attempt to discover an explanation for the 
delayed and persistent reactions, 13 patients at 
the North Carolina (Tuberculosis) Sanatorium, 
were retested two and one-half months after the 
initial test. Of 7 patients who at first gave a 
delayed reaction, 2 now gave immediate positive 
reactions, 2 again gave delayed positive reactions, 
and 3 gave no reactions at twenty minutes or 



Fig. 1. Immediate reaction at twenty minutes to 0 02 cc. 1:10,000 trichinella extract injected intrader- 
mally. Pseudopods and reticulated erjdkema are seen. 




1 Fig. 2. Delayed reaction at twenty-four hours to 0 02 cc 1:10,000 trichinella extract injected intrader- 
mally. The erythema was solid and accompanied by slight induration. 


sharp rise such as would be expected to follow' a 
recent epidemic w^as noted in any institution in the 
group with the shortest duration of stay. The 
persistence of a positive test for tw enty-four 
hours has rarely been commented on before. 
We do not know the significance of this finding, 
although it may be an intermediate stage in the 
transmission from the delayed to the immediate 
response. 


twenty-four hours In 6 patients w r hose initial 
positive reaction persisted for tw r enty-four hours, 
2 tests w T ere positive at thirty minutes and nega- 
tive at tw T entv-four hours, 2 were negative at 
thirty minutes and positive at twenty-four hours, 
and 2 w r ere negative at each reading. These pa- 
tients had been in this sanatorium for periods 
ranging from five months to four years and ten 
months All were on a diet prepared in a central 
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kitchen, and no known epidemic had occurred; 
so that some factor other than an early infection 
seems to be involved. These groups are small in 
relation to the total number of patients, and hence 
any conclusion drawn from these tests would be of 
dubious value. Wc were unable to relate the de- 
layed and persistent reactions to confinement in 
any particular institution or to the presence or 
absence of tuberculous infection. 

Many individuals who now have a strongly 
positive skin test, before entering an institution 
ate large quantities of barbecue which was always 
thought to have been well cooked. Whether skin 
sensitivity may be acquired by the ingestion of 
dead trichinae has not been determined by biologic 
tests. 

The possibility that tuberculosis and psychiatric 
disturbances may interfere with the accuracy of 
the skin test for trichinella has not been dis- 
cussed before. 

Incidence in North Carolina vs. United Slates 

The low incidence of trichinella found in the 
previous study of 105 diaphragms obtained at 
autopsy in North Carolina (2.8 per cent) contrasts 
with an incidence of 27.6 per cent in Boston and a 
national average of 13-17 per cent. This finding 
was attributed to the food habits of people in this 
geographic area (4). Except around cities, hogs 
are fed garbage from local farms only, so that epi- 
demics are small and are usually confined to single 
families. Pork is usually cooked thoroughly in 
the South, and little smoked sausage or other un- 
cooked prepared pork products are used. The 
infections detected at autopsy were light; many 
more very light old infestations of less than 1 larva 
per gram of muscle may have been missed, al- 
though both muscle press and digestion techniques 
were used. The only section from which a similar 
low incidence has been reported is New Orleans. 

The incidence of positive skin tests in our series 
(17.7 per cent) compares c!osei} r with the in- 
cidence of trichinella as determined at autopsy for 
the country as a whole (13-17 per cent), but such 
a comparison may be invalid for the reasons dis- 
cussed below. The incidence of positive skin 
tests in North Carolina (17.7 per cent) is definitely 
higher than that reported from Detroit (5.9 per 
cent) (2), but compares closely with an incidence 
of 18.3 per cent in a smaller series in Washington, 

D. C. (3). It has not been possible from the pub- 
lished data to evaluate the factor of the primary 
disease process in these two series. 


Institutional factor 

Whether the apparent increase of positive trichi- 
nella skin tests in tuberculous patients is of true 
biologic significance or is connected with sub- 
clinical institutional epidemics still has not been 
definitely determined because of the unexpected 
findings in the psychiatric control group. In the 
previous study, the non-tuberculous patients 
were in an institution too short a time for this 
factor to be of significance. That the duration 
of stay in an institution may be significant is in- 
dicated by the fact that the incidence of positive 
reactions begins to rise in the group of tuberculous 
patients who had been in a sanatorium for six to 
eleven months and reaches a peak in the group who 
had been confined for twenty-four to twenty-nine 
months; in the non-tuberculcus patients, the peak 
is reached at the eighteen to twenty-three month 
period, with a secondary rise at the five to ten year 
period, as shown in table 4. 

In each of the institutions food is purchased in 
large lots. In some institutions all food is cooked 
in a central kitchen and is distributed by hot 
tables or steam carts to individual buildings on 
the grounds. In others, food is cooked in the 
various buildings, although it is supplied from a 
single central source. In most institutions some 
of the pork used is obtained from hogs raised on 
the grounds. In only one instance is garbage 
brought in from a neighboring town and fed to the 
hogs; in all instances garbage from the institution 
is used and is fed without cooking. In all institu- 
tions the portions of meat cooked are larger than 
in private homes, and hence the center may be in- 
adequately cooked and infectious, even though the 
surface is thoroughly done. 

The low incidence of positive skin tests (7.2 per 
cent) in the acute general hospital group of patients 
in table 1-A, who were in an institution for days 
rather than months or years, would also seem to 
indicate that residence in an institution may pre- 
dispose to infection. The comparable low in- 
cidence in the small group of patients who were 
confined for long periods in the one chronic general 
hospital s tudiedy however, points to the primary r 
disease process as another major factor. Age was 
not a factor in this hospital, for the group was well 
distributed through all decades. The few psy- 
chiatric patients in the group were not in acute 
episodes, and this factor, to be discussed below, 
was negligible. 

The part played by institutionalization requires 
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clarification by the study of additional institutions 
where non-tub erculous, non-psychiatric patients 
in a wide age range are confined for periods of two 
years or more. 

Tuberculous vs . non-tuberculous 

The reactions in the tuberculous group were 
more clear-cut, with fewer equivocal responses, 
than those in the non-tuberculous group. As 
will be seen in table 5, the incidence of 1 plus 
reactions is essentially the same in the two groups. 
If the strongly positive 2, 3, and 4 plus reactions 
in each group are combined, the total incidence of 
such reactions is 6.8 per cent in the tuberculous, 
and 6.1 per cent in the non-tuberculous group, a 
difference which probably is of no significance. 
No attempt was made to correlate the degree of 
reactivity with the stage of the primary disease; 
to evaluate this factor properly the same group 
of patients should be retested during convales- 
cence. This may be delayed for years, however, 
and the factor of institutionalization itself then 
would enter. The striking finding in the non- 
tuberculous group, which was composed chiefly of 
psychiatric patients, is the higher incidence of 
questionably positive (db) reactions, and of posi- 
tive reactions to both test and control (+T+C), 
and the occasional unexplained case in which there 
was no reaction to the test solution and a positive 
reaction to the control solution (— T+C), especi- 
ally those which remained positive at twenty-four 
hours. These findings would seem to indicate 
that patients in psychiatric hospitals are not suit- 
able controls. This possibility is discussed further 
below. 

If psychiatric patients are excluded as controls, 
and if the factor of institutionalization is ignored 
(because of the findings in the chronic general hos- 
pital group as discussed above), the tuberculous 
group must be compared with the total general 
hospital group. In this group, which is nearly 
comparable in size to the group of tuberculous 
patients, the incidence of positive tests is less than 
half that in the tuberculous group, a finding pre- 
viously reported (1). 

Subsequent studies should include groups of non- 
tuberculous subjects without mental disorders 
who are confined to institutions for periods of time 
comparable to those required for the sanatorium 
treatment of tuberculosis. If a significantly higher 
incidence of positive skin tests to trichinefla extract 
in persons with tuberculosis is confirmed, and if no' 
true biologic cross-reaction between Mycobacterium 


tuberculosis and Trichinella spiralis is demon- 
strated in animals, several questions remain un- 
answered. Secondary infection by the tubercle 
bacillus is known to occur in tissue damaged by 
silicosis, sarcoid and Hodgkin's disease. Does the 
tubercle bacillus also have an affinity for tissue 
damaged by infection with trichinae? Experi- 
ments have shown that the spread of a dye in the 
skin is altered in patients with tuberculous infec- 
tions (6). Do people with tuberculosis react more 
readily to other antigens of various sorts than do 
non-tuberculous individuals? Or does tubercu- 
losis predispose the individual to infection by a 
smaller number of trichinae than are required to 
infect a person without the disease? 

Psychiatric vs. non-psychiatric 

The psychiatric as well as the tuberculous group 
was composed of patients who had been confined 
to an institution for months or years; the sig- 
nificance of this factor has been discussed above. 
If the tuberculous group is excluded, and the psy- 
chiatric group compared with the total general 
hospital group, the incidence of positive tests in 
psychiatric patients of all types and stages of 
disease is more than double than in the total gen- 
eral hospital control group. 

It is known that the electrical resistance of the 
skin of disturbed mental patients may vary 
markedly from that of the same patients after 
recovery from the disturbed state (7). As far as 
we are aware, it has not been determined if the 
reactivity to biologic products, as opposed to 
physical agents, is also altered during the acute 
phase of a psychiatric disturbance. That this may 
be true is suggested by the findings in one mental 
institution (Morgan ton), where a perfect dietary 
control is furnished: the food is all prepared in a 
central kitchen from a single source of supply, and 
after it is cooked, distributed by steam carts to 
the various buildings. The incidence of positive 
tests in convalescent patients awaiting discharge 
and confined in one building was comparable to 
that observed in non-psychiatric groups in acute or 
chronic general hospitals . In contrast the inci- 
dence of positive tests in disturbed patients in 
another building who were on an identical diet 
was approximately four times as great. No attempt 
was made to evaluate the possible effect of the 
stage of the disease process on the figures for in- 
cidence as analyzed by duration of stay in an in- 
stitution. The possibility of altered skin reac- 
tivity in various states of psychiatric disorders 
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must be determined with some biologic agent 
other than trichinella extract or tuberculin, since 
tuberculosis also is a disease which frequently is 
acquired during confinement in institutions. 

SUMMARY 

Of 1586 patients in institutions in North Caro- 
lina, 17.7 per cent gave positive skin reactions to 
trichinella antigen. The incidence of infections 
as determined by this method is in contrast to 
that found at autopsy in this area (2.8 per cent). 
This discrepancy has been attributed to the pres- 
ence of light subclinical infections difficult to de- 
tect at autopsy; but it is possible that other 
factors, such as intercurrent disease, may have 
altered the incidence of positive skin tests in this 
study. 

18.3 per cent of 674 tuberculous patients in 
sanatoriums and 17.2 per cent of 912 non-tuber- 
culous patients in institutions (chiefly mental 
patients in psychiatric hospitals) gave positive 
reactions. In a previous study 6.9 per cent of 422 
patients in general hospitals were found to give 
positive reactions. 

The possibility is discussed that the type and 
stage of intercurrent disease may be a more im- 
portant factor in reactivity to trichinella extract 
than -is confinement in an institution, and that 
reactions to trichinella skin tests may be unre- 
liable during a period of mental illness. 

The incidence of positive skin tests was found to 


be greatest in patients confined in an institution 
for eighteen to twenty-nine months. 

Race, sex, and residence in urban or rural areas 
are not significant factors. The incidence of posi- 
tive skin tests decreases with advancing age. 

The occurrence of delayed and persistent posi- 
tive tests cannot be explained on the basis of very 
recent infection alone. 
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Present enforced activity of large military forces 
in tropical heat gives sharp emphasis to our need 
for a clear understanding of the influences such 
heat exerts. Just what does acclimatization, 
through the weeks and months of exposure, mean 
in terms of mental and physiologic processes? It 
is indeed unfortunate that several recent reports 
from government-sponsored war research projects 
have failed to present the matter in a balanced 
manner, tending to give the impression that such 
adaptation involves nothing more than the 
needed vasomotor adjustment. 

Complete acclimatization to tropical heat has 
two quite distinct physiologic aspects. One of 
these is called into play during the first few days of 
heat exposure, while the other requires weeks for 
its appearance. When difficulty in heat dissipa- 
tion is encountered by the unadapted subject, 
marked stress is placed upon the vasomotor 
mechanism for transport of waste heat from in- 
terior tissues to cutaneous surfaces. The normal 
person adapts fully to such vasomotor stress 
after 3 to 5 days of heat exposure, and he retains 
this phase of acclimatization quite well for months 
thereafter even though he receive only brief periods 
of re-exposure. Excellent studies by a number of 
laboratory and field investigators have established 
these points satisfactorily (1, 2, 3). 

The second — and perhaps more important — 
phase of heat acclimatization is metabolic and of 
much slower accomplishment. It involves 
changes in combustion metabolism and in the 
functions of endocrine glands concerned therein 
(primarily the adrenals, thyroid, and pituitary, 
secondarily the gonads). Resting oxygen con- 
sumption declines rapidly during the last of the 
second and all of the third week of heat exposure 
(4), the blood pressure falls (5), gonadal activity 
is sharply restricted (6), and resistance to infection 
drops (7). 

Mental functions seem similarly reduced, for 
medical aptitude tests given college students in 
middle temperate latitudes result in ratings 40% 
lower if the tests be given during July or August 


than if given in mid-winter (author's unpub- 
lished data). In an exhaustive study of examina- 
tion records Huntington (8) found best mental 
function when outdoor temperatures were around 
40°F., with the greatest handicap evident during 
summer heat. 

Careful maze testing of litter-mate rats showed 
even more striking differences in learning ability 
(9). Those raised at 55°F. required 13 trials on 
the average to learn their way through the maze 
to food after a 24-hour fast; those kept for months 
at 75°F. required 23 trials, and those from a 90°F. 
environment 53 trials! Re-tested after a month's 
rest, the 55°F. rats showed complete retention of 
their earlier learning, the 75°F. ones had to relearn 
about half, while those adapted to tropical heat 
showed no evidence whatever of their earlier ex- 
perience. 

In seeking a metabolic basis for these slower 
adaptations to difficulty in heat loss, we investi- 
gated the dietary concentrations of the various 
B-vitamins needed to support optimal growth in 
weanling rats kept at 68°F. and at 90-9 1°F. 
Thiamine and choline were the only ones for which 
distinct differences in requirement were found, 
best growth being attained in the heat when the 
dietary thiamine was double the 68°F. optimum 
and the choline raised from 0.75 gm./kg. to 5 
gm./kg. These changes in the two vitamins, 
together with a slight increase in the protein con- 
tent or the addition of 0.2% cystine, resulted in 
the same growth rate and physical characteristics 
at 91°F. as at 68°F. — but on only 70% as much 
food. Phagocytes from the blood and peritoneum 
of hot room animals exhibited just as great ac- 
tivity as did those from animals kept at 68°F., 
provided the above-mentioned dietary corrections 
were made (10). Such corrections have also been 
found to render animals better able to withstand 
excessive heat. 

Several investigators, unfortunately testing 
these findings without due regard to the time re- 
quired for metabolic adaptation, failed to verify 
any such increased vitamin requirements for 
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human subjects exposed to tropical heat. In 
every case, however, their periods of heat exposure 
were too short to have been expected to be effec- 
tive. Keys et al. (1) failed to find any benefit 
from vitamin supplementation in normal subjects 
exposed to heat for one week or less in Minneapolis, 
and on this basis decided that tropical needs were 
not different from those of temperate coolness. 
In Boston Johnson (11) found no metabolic or 
work differences in normal subjects exposed to 
high temperatures only for the few hours of ob- 
servation in the laboratory each day and from this 
concluded that nutritional standards were the 
same in tropical and temperate climates. He 
further bolstered his arguments by the statement — 
unsupported by published data — that his subjects 
reacted the same in summer as in winter, presum- 
ing to liken Boston 1 s mild mid-day summer warmth 
to the continuous moist heal of tropical regions. 
Holt (12) correlated urinary thiamine output with 
daily temperature changes and found no apparent 
rise in thiamine requirement accompanying a few 
days of heat in Baltimore. From such a study 
he claimed that our animal findings were not ap- 
plicable to man, entirely disregarding the time 
interval needed for such metabolic adaptation. 

Still another instance of disregard for the time 
factor is to be found in a recent article b} r Taylor 
(13), for he cites human tests covering only a few 
days as disproving any effect of environmental 
temperature upon vitamin needs. He further 
suggests that our rat studies were of doubtful 
significance for man because Herrington (14) had 
found rectal temperatures of rats to be 2.5°F. 
higher in an environment of 90°F. than in one of 
68°F.; but Herrington's rats were exposed to the heat 
for only a few hours of observation and were given 
no chance for metabolic adaptation. We have 
found the rectal temperature of rats and mice 
adapted for weeks at 90°F. to be insignificantly 
different (usually less than 0.5°F.) from those of 
animals similarly adapted at 68°F. 

In presenting our evidence that the concentra- 
tion of dietary thiamine needed for optimal rat 
growth was twice as high at 91°F. as at 68°F., 
our published data showed that these differences 
were not present during the first week of exposure 
to heat or cold, — that they began in the second and 
became fully developed in the third week. Many 
repetitions of this experiment have provided uni- 
form verification. Recent tests, not yet reported 
in detail by us, have also shown that addition of 
0.5% sulfaguanidine to the diets in no^way alters 


these differences in requirement from the third 
week on; therefore they cannot be based upon 
variations in vitamin synthesis by intestinal bac- 
teria. 

We have recently compiled all our rat growth 
data at different dietary concentrations of choline, 
with the following results; 



J AT 68°F. 

Dietary choline 
(gm./kg.) 

0.0 

0A 

0.75 

1.5 

3.0 

Wt. gain in gms. 
2nd, 3rd, & 4th 
weeks on diet 

85.00 

±4.7? 

80.72 

±2.09 

86.00 

±2.35 

' 

96.00 

±4.20 

90.00 

±5.56 


| AT 90-91 °F, AND 60-70% EEt. HUM. 

Dietary choline 
(gm./kg.) 

0.0 

| 

0.4 

| 

1.5 

1 

3.0 

i 

5.0 

Wt. gain in gms. 
2nd, 3rd, & 4th 
weeks on diet 

37.86 

±5.25 

56.11 

±2.62 

61.36 

±2.09 

71.88 
±2.43 : 

83.39 

±1.07 


Here is presented the surprising finding that 
growth in the heat is directly proportional to the 
choline content of the diet up to the 5 gm./kg. 
level. At 68°F., on the other hand, it seems to 
make little difference whether choline be present 
or absent after the danger period for hemorrhagic 
nephritis is passed. Choline (or other supplier 
of labile methyl) must thus be regarded as a par- 
ticularly important nutritional factor in tropical 
heat. 

Rats on diets containing the various choline 
concentrations show little difference in growth 
rate during the first week in heat or cold; and dur- 
ing the second week the incidence of acute hemor- 
rhagic nephritis is approximately the same in 
rats at 68°F. as at 90°F. on choline-free diets. 
From the third week onward, however, the choline 
influence over growth becomes clear-cut and 
definite in the heat. Here again is evidence of 
the delay in metabolic acclimatization to tropical 
heat, with maximal effects appearing during the 
third week of exposure. 

Addition of 0.5% sulfaguanidine to the diets 
fails to alter this choline-growth relationship. 
Normal growth in the cold still goes on with little 
or no choline, while in the heat 5 gm./kg. remains 
optimal. Intestinal synthesis seems here again to 
play an insignificant part. 

The vasomotor adjustment taking place in the 
first few days of heat exposure is an important 
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phase of acclimatization, one which is necessary 
in the prevention of such acute emergencies 
as heat stroke and heat exhaustion. However, 
it seems in no way related to the slower metabolic 
phase of adaptation which requires weeks of ex- 
posure and involves profound changes in cellular 
combustion and the endocrine system. Workers 
and writers in the field of acclimatization should 
keep clearly in mind these time differences in the 
two phases of body response to heat and cold. 

CONCLUSIONS 

Metabolic acclimatization to tropical heat 
takes place largely in the third week of continuous 
exposure. When fully developed, it involves the 
need for a doubling of dietary thiamine per unit 
of food and a many-fold increase in choline. In 
the heat choline (or other supplier of labile methyl 
groups) becomes a nutritional factor of great 
importance. After the danger period for acute 
hemorrhagic nephritis has passed, growth rate in 
rats is strongly dependent upon the concentration 
of dietary choline in the heat but not in the cold. 

Added to these changes in vitamin needs for 
optimal nutrition, acclimatization to tropical 
heat involves endocrine alterations which markedly 
affect the subject’s ability to work and think. 
There is no conclusive evidence yet as to whether 
proper vitamin supplementation would prevent or 
lessen the metabolic effects of tropical heat on 
man, although preliminary tests indicate that such 
may be the case. 
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The wartime activities in tropical medicine of 
the National Research Council began in May, 
1940, with the appointment of the Subcommittee 
on Tropical Diseases in the Division of Medical 
Sciences. The original Subcommittee consisted 
of Dr. W. A. Sawyer, Chairman, Dr. M. F. Boyd, 
Dr. E. H. Hume, Dr. T. T. Mackie, Dr. R. B. 
Watson, and Dr. Henry E. Meleney. Since that 
time a number of changes and additions have been 
made in the membership of the Subcommittee. 
Dr. Meleney became Chairman in January, 1941, 
and the other members at the present time are 
Dr. M. F. Boyd, Dr. H. W. Browm, Dr. W. W. 
Cort, Dr. EL. F. Meyer, Dr. G. EL. Strode, Dr. 
W. H. Taliaferro, Dr. H. B. Van Dyke, Dr. R. B. 
Watson and Dr. A. A. Weech. 

The functions of the Subcommittee have been 
to prepare directives for the treatment and pre- 
vention of tropical diseases, to make recom- 
mendations to the armed forces, and to initiate 
and supervise research. 

The first directive on the treatment and pre- 
vention of tropical diseases was issued by the 
Surgeon General of the Army as Circular Letter 
No. 56, dated 9 June 1941. A revised and ex- 
panded edition was issued as Circular Letter No. 
33 on 2 February 1943. These directives were also 
used as a basis for the development of a manual 
on tropical diseases issued by the Bureau of Medi- 
cine and Surgery of the Navy. 

The great importance of malaria led to the for- 
mation of a Conference Group on Malaria Re- 
search which held its first meeting under the Chair- 
manship of Dr. L. T. Coggeshall on 8 July 1941. 
This group w r as at first subsidiary to the Sub- 
committee on Tropical Diseases, but later became 
an independent Subcommittee for the Coordina- 

1 Hermann M. Biggs Professor of Preventive Medi- 
cine, New York University; Chairman, Subcommittee 
on Tropical Diseases, National Research Council; Rep- 
resentative of the American Society of Tropical Medi- 
cine to the National Research Council. ' 

Read at the 40th Annual Meeting of the American 
Society of Tropical Medicine, St. Louis, Missouri, 
November 13-16, 1944. 


tion of Malarial Studies. Its main interest was a 
search for better chemotherapeutic agents, and it 
included four panels dealing respectively with 
chemistry, synthesis, pharmacology and clinical 
testing. This Subcommittee was in turn re- 
placed in November, 1943, by a Coordinating 
Board for Malarial Studies under the Chairman- 
ship of Dr. Robert Loeb of Columbia Univer- 
sity and containing members of the previous 
panels and representatives of the Army, Navy, 
Public Health Service, and Office of Scientific 
Research and Development. 

In August, 1941, funds became available for the 
support of research under the Office of Scientific 
Research and Development. The Subcommittee 
on Tropical Diseases has sponsored up to the 
present time forty-five projects which have re- 
ceived contracts under this arrangement. The 
fields covered by these research projects are ma- 
laria, insect repellents and insecticides, bacillary 
dysentery, plague, cholera, water purification, 
parasites in sewage, filariasis, schistosomiasis, 
leishmaniasis, and amoebiasis. 

The research on malaria has dealt with chemo- 
therapy, immunology and biological problems. 
The first productive w’ork in chemotherapy was 
the study of quinacrine (atabrine) with special 
reference to blood levels and toxic reactions. 
Blood level studies showed the necessity of ad- 
ministering large doses during the first twenty- 
four hours in order to obtain rapid response to 
treatment. The study of toxic reactions showed 
that these were relatively unimportant and led 
to a more rational and effective method of using 
the drug as a suppressive agent. Circular Letter 
No. 153 from the Office of the Surgeon General 
of the Army dated 19 August 1943, and War 
Department Medical Technical Bulletin No. 65 
dated 3 July 1944, outlining the approved thera- 
peutic and suppressive use of quinacrine resulted 
from this research. The search for new chemo- 
therapeutic agents against malaria ' has involved 
the cooperation of many chemists and the testing 
of compounds against bird malaria by a number of 
laboratories. The final testing of promising com- ' 
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pounds in man has been performed mainly on 
cases of therapeutic malaria. The results of this 
work are still not available for presentation for 
reasons of military security. 

Work on the intermediate stages of the malaria 
parasites between the sporozoite and erythrocytic 
forms has demonstrated practically the complete 
history of this so-called cryptozoic stage in certain 
bird malaria parasites (1), and similar work is in 
progress with the parasites of monkey and man. 
In the immunological field considerable study 
has been made of the complement-fixation reac- 
tion, and the interesting fact has recently been 
reported that the stromata of normal human 
erythrocytes can be used as an antigen for this 
test in man (2). 

Perhaps the most productive research has been 
in the field of insect repellents and insecticides. 
This has been due primarily to vigorous and ex- 
tensive studies conducted by the U. S. Department 
of Agriculture under a transfer of funds from the 
Office of Scientific Research and Development. 
Three repellents have been discovered which 
individually or in combination give protection for 
two hours or more against most species of mos- 
quitoes. The development of an effective Iousi- 
cide containing pyrethrins and other ingredients 
had already been developed when the now well- 
known DDT was discovered and became the 
number one insecticide for general use. The de- 
termination of the extent of the usefulness of this 
substance not only against disease-carrying arthro- 
pods, but against agricultural pests as well, will 
require a long period of experimentation. 

Promising observations have been made on 
protecting the interior of habitations from the 
invasion of Phlebotomus by spraying around en- 
trances. This procedure may be valuable in the 
prevention of diseases transmitted by these flies. 
Observations of interest have also been made on 
the mode of action of insecticides and repellents. 

In the field of bacillary dysentery valuable 
' contributions have been made with reference to 
the choice of preparation and mode of administra- 
tion of the sulfonamides. Studies of the toxins 
and antigens of the dysentery bacilli have also 
been made in the hope of developing an effective 
vaccine. Field trials of vaccines are now being 
made in this country among civilian groups. 

Antigenic studies of the cholera vibrio have 
yielded the interesting observation that the 
antigenic and toxic substance is probably a phos- 


pholipid which causes increased permeability of 
the wall of the intestine to fluids. 

New methods of filtration and chemical treat- 
ment of water to kill the cysts of Endamoeba his- 
tolytica as w r ell as pathogenic bacteria have been 
developed. Supervision of this research has been 
transferred to the Committee on Sanitary En- 
gineering. 

The most recent research projects developed by 
the subcommittee have been in connection with 
the chemotherapy of filariasis, schistosomiasis, 
leishmaniasis, and*amoebiasis. A Chemotherapy 
Center has been established in the Division of 
Medical Sciences to coordinate research on these 
subjects, and to furnish new chemotherapeutic 
agents for testing . This work is not yet advanced 
to the point of obtaining results. Related to 
this field, there is also a study of domestic snails 
as possible intermediate hosts of the schistosomes 
of man, and of domestic species of Phlebotomus 
as possible vectors of leishmaniasis. 

The Subcommittee on Tropical Diseases has also 
been active in promoting instruction in Tropical 
medicine both in the armed forces and in medical 
schools. In May, 1941, the Subcommittee recom- 
mended that medical officers of the Army and 
Navy should be given special training in tropical 
medicine. Members of the committee cooperated 
in developing a course at the Army Medical School, 
and Dr. T. T. Mackie entered the Army Medical 
Corps and became Executive Officer of that course. 
The course .was soon lengthened from four weeks 
to eight weeks, and has been repeated almost con- 
tinuously since its inception in the autumn of 
1941. At one time, classes of 200 medical officers 
were accommodated in this course. In addition, 
it has been open to instructors from medical schools 
and to members of other governmental agencies. 
The Navy also has developed excellent training 
in tropical medicine for both officers and enlisted 
personnel. 

The Subcommittee also approved and sponsored 
appropriations by the John and Mary R. Markle 
Foundation to the Division of Medical Sciences 
for improving the teaching of tropical medicine 
in medical schools. Two appropriations were 
made, one to support visiting lecturers to medical 
schools, the other to support the preparation and 
distribution of maps and epidemiological material 
on tropical diseases in the possession of the Office 
of the Surgeon General of the Army. The visiting 
lectureships have been of considerable value in 
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presenting specific problems to medical students 
and interns, and in stimulating better instruction 
by medical schools. Fourteen maps showing the 
distribution of tropical diseases were distributed 
to medical schools in large and small sizes, and as 
lantern slides. The first volume of the epidemio- 
logical material has recently been published under 
the title “Global Epidemiology”, dealing with 
India and the Far East, and the Pacific area. 
Two copies of this volume are being furnished to 
each medical school. 

Throughout this entire period of activity in 
tropical medicine, the National Research Council 
has had the heartiest cooperation from the med- 
ical services of the Army and Navy, from the 
United States Public Health Service, and from 


innumerable individuals and institutions through- 
out the country. There has also been excellent 
liaison with the representatives of Allied Govern- 
ments. This spirit of cooperation has undoubtedly 
contributed considerably to the maintenance of a 
high level of health among our armed forces operat- 
ing in the tropics. 
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Recent studies indicate that the filariid Liiomo- 
soidcs carinii of the cotton rat, Sigmodon hispidus , 
is a useful parasite for the study of new chemo- 
therapeutic agents. To ascertain the effects of 
experimental therapy the reduction in microfilariae 
in the blood may be followed and later the effect 
on the adult worms in the pleural cavity observed 
at autopsy. A method for counting the micro- 
filariae should be accurate, rapid and, if possible, 
permit a permanent record for review if necessary. 
After trying various methods the following technic 
was found to be highly satisfactory. 



1. Mark off a square 0.9 of a centimeter on a side 
with a diamond pencil upon a glass slide. 

2. Draw blood from tail of cotton rat to the 0.5 mark 
on red blood cell hemocytometer pipette. 

3. Blow out blood onto marked square and spread 
evenly with fine wire used to clean syringe needles 
and allow to dry. 

4. Stain for 45 minutes with Giemsa. Giemsa con- 
centrated stain 1 cc. to 50 cc. buffered distilled 
water pH 7.2. 


1 This study was made possible through financial sup- 
port of the John and Mary R. Markle Foundation. We 
wish to acknowledge the assistance of Dr. John W. 
Fertig who analyzed our data statistically. 


5. Wash 15 minutes in buffered distilled water and 
allow to dry. 

6. Under high dry power and 10X eyepiece beginning 
with the third row count the microfilariae in every 
5th row of microscope objective fields. Multiply 
the microfilariae by 5 to ascertain total microfilariae 
on the slide. 

Microfilarial counts of L. carinii often run from 
200,000 to 1,000,000 per cc. of rat’s blood, hence 
examining and counting the blood of the whole 
square is very time-consuming. In order to save 
time, we therefore made a careful study to ascer- 
tain whether or not counts of every 5th line of the 
square when multiplied by five would give a suffi- 
ciently accurate approximation of the total micro- 
filariae on the whole slide. Two squares, A and B, 
were filled with blood to ascertain whether or not 
duplicate smears taken at the same time were 
necessary for accuracy. 

Table 1 gives the data on microfilarial counts 
when the above method was used. Each in- 
dividual row count was kept separate and the total 
microfilariae on Square A was 336 and Square B 
321. When every 5th row was counted and added 
together and the result multiplied by 5 the total 
microfilariae on Square A varied from 290 to 400 
and on Square B from 300 to 355. These counts 
were within the range of accuracy of the blood 
sampling technic and statistical significance. 
Fifteen slides, each with two blood specimens, were 
counted in a check on the accuracy of the method. 
An example of a high count follows (table 2). 

When the microfilarial count drops as low as 50 ' 
per slide (approximately 3.2 per cu. mm.) it is ad- 
vantageous to count all of the microfilariae on the 
whole slide as the counting of only one fifth of the 
slide may be statistically inaccurate (table 3). 

The hemocytometer pipettes used were found 
to vary somewhat in the amount of fluid necessary 
to fill them to the 0.5 mark. They were calibrated 
by filling up to the 0.5 mark with mercury which 
was then weighed and the volume displaced cal- 
culated. Three hemocytometer pipettes pur- 
chased from Will Corporation had volumes up to 
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the 0.5 mark of 3.2 cu. mm., 3.2 cu. mm. and 3.1 
cu. mm. One purchased from the Bausch and 

- r 

TABLE 1 


sow 

NUMBER. OF inCBOFELABIAE 

Square A 

Square B 

1 

14 

13 

2 

13 

17 

' 3 

17 

15 

4 

8 

13 

5 

IS 

8 

6 

26 

11 

7 

15 

10 

8 

16 

10 

9 

19 

6 

10 

9 

9 

11 

28 

14 

12 

9 

7 

13 

13 

17 

14 

10 

15 

15 

13 

! 17 

16 

5 

10 

17 

18 

15 

18 

15 

11 

19 

13 

13 

20 

8 

14 

21 

7 

17 

22 

9 

15 

23 

9 

18 

24 

8 

14 

25 

16 

12 

Total microfilariae 
on square 

336 

321 



square a 

SQUARE B 



Vil. 


Bif. 

Every 5th row , 
beginning | 
with 

1 « 

400 

+64 

325 

+4 

2 *■ 

320 

-16 

320 

-1 

3 *= 

350 

+14 

355 

+^4 

4 a=r 

290 

-46 

305 

-16 

5 «* 

320 

-16 

300 

-21 

i 

5 Jl6?0 

5 [ISO 

sgioos 1 

5 [76 

t 

< 

336 

3 1.2 

521 | 

15.2 


in an experiment its actual volume is not impor- 
tant. If a number of pipettes are used, however, 
it is essential that their actual volume be ascer- 
tained. By calibrating the pipette in cubic milli- 
meters all counts can then be calculated in terms 
of microfilariae per cc. of blood. 

A square of 0.9 centimeter usually provides ap- 
proximately 25 rows the diameter of the high 

TABLE 2 

Total microfilariae counted on 0.9 square centimeter = 
1438. Estimated microfilariae when every 5th row 
was counted and the results multiplied by 5 


Beginning with row number 1 — total micro- 
filariae = 1425 

Beginning with row number 2 — total micro- 
filariae = 1475 

Beginning with row number 3 — total micro- 
filariae = 1460 

Beginning with row number 4 — total micro- 
filariae = 1455 

Beginning with row number 5 — total micro- 
filariae = 1375 


DirTER. 


-13 
+37 
+22 
+ 17 
-63 


TABLE 3 

Total microfilariae counted on 0.9 square centimeter « 40. 
Estimated microfilariae when every 5th row was 
counted and the results multiplied by 5 


x>r rrr** 
tt: cx 


Total number of microfilariae on square when every 5th 
row was counted and multiplied by 5 


Beginning with row number 1 — total micro- 
filariae « 50 

Beginning with row number 2 — total micro- 
filariae *=* 25 

Beginning with row number 3 — total micro- 
filariae = 50 

Beginning with row number 4 — total micro- 
filariae ** 40 

Beginning with row numl>er 5 — total micro- 
filariae 40 


+10 
-15 
+ 10 
0 
0 


Lomb Company had a volume of 3.7 cu. mm. If 
the same pipette is used for all the V.yod studies 


power objective, and is the reason that this size 
square was chosen. 

A possible source of error in the method de- 
scribed is the loss of microfilariae during the 
staining and washing of the slide?. To ascertain 
the extent of the if any, of microfilariae from 
the slides the staining solution and vra-h water 
used on several heavily irJcctal smear: were ceitri* 
fticed and examined for microfilariae but none rrrrc 
found. 
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Occasionally a small amount of blood may be 
smeared outside of the marked square but it has 
been our experience that no more than 1 .6% of the 
larvae are found outside the square in carefully 
prepared smears. 

During warm or hot weather we have found that 
the cotton rats’ blood coagulates rather quickly 
in the pipette and it is very difficult to make a 
good blood smear* By cooling the pipette in a 
refrigerator before drawing the blood this rapid 
coagulation is prevented and satisfactory smears 
can be made. 


Bell and Brown* have shown, using the above 
technic, that although there is no regular periodic- 
ity in the appearance of the microfilariae of L, 
carinii that there is a considerable variation in 
circulating microfilariae from hour to hour and 
from day to day. 

2 Bell, S. D., Jr., and Brown, H. W. — Studies on the 
micro filarial periodicity of Litomosoidcs carinii , filariid 
parasite of the cotton rat. In Press, Amcr. Jour. Trop. 
Med. 
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The Argasidac of North America, Central America and 
Cuba . By R. A. Cooley and Glen M. Kohls. 3 
p. 1., 152 p M 57 fig., 14 pi, (The American Midland 
Naturalist 'Monograph, No. 1.) The University 
Press, Notre Dame, Ind., 1944. 

This compact volume, constituting Monograph No. 1 
of the American Midland Naturalist, contains a wealth 
of information about the soft ticks of North and Central 
America. It fills a long-standing need for an adequate 
and up-to-date taxonomic treatise on this important 
group of arthropods in the New World. The authors, 
who are eminently qualified for the difficult task in- 
volved, have done an admirable piece of work which 
may well serve as a model in the exacting and fundamen- 
tal field of taxonomy. Clarity, conciseness, and com- 
pleteness in both text and illustrations are evidence of 
thorough digestion and evaluation of the many details 
that must be considered in the preparation of useful 
descriptions of a large series of closely similar species. 

The authors recognize, within the area covered, four 
genera and twenty-four species in the family Argasidac. 
The genotypes arc fully described, including the Old 
World Orniihodoros savigtiyi. For each species the 
following information is given: a list of synonyms; a 
full description of the adult stage, when known; shorter 
descriptions of larval and nymphal stages, as far as 
possible and necessary; line drawings of significant 
structural details; photographs of dorsal and ventral 
views of representative specimens; host data; biological 
notes; distribution records. For the important and 
more common species detailed tables of collection data 
and spot-distribution maps are appended. Differences 
between closely similar species are indicated, and 
Orniihodoros turicata and 0. parheri are compared at 
length in all stages. The principal morphological 
descriptions follow a uniform > pattern, with separate 
paragraphs given to each structure. - The line drawings 
accompany the descriptions, while most of the photo- 
graphs appear as plates at the end of the text. 

Keys to genera and spedes are provided to aid identi- 
fication of adult and nymphal spedmens. The utility 
of the treatise is much enhanced by the inclusion of an 
illustrated glossary defining predsely the descriptive 
terms employed, thus avoiding the ambiguity which so 
often lessens the value of keys and descriptions for 
non-spedalists. The authors arc to be commended 
upon thus systematizing the terminology for this group, 
as the senior author has also done for the Ixodidae in an 
earlier publication (National Inst, of Health Bull., No. 
17 1) . This should provide a firm basis for uniform pre- 
cision in future work on the taxonomy of ticks. An 
extensive bibliography and detailed index are also 
included. 

Parasitologists and medical entomologists in general 
will find of espedal interest the summary of the medical 


and veterinary importance of the Argasidae, the de- 
scriptions of methods for study and rearing, the classi- 
fied list of hosts, and the geographical list of species. 
Five species (Orniihodoros hertnsi , turicata , parheri , 
talaje , and rvdis) are proved vectors of relapsing fever 
in the western United States, Central America, and 
South America. O. parheri and hermsi (and, according 
to subsequent reports, 0. nicollei) can transmit Rocky 
Mountain spotted fever, and 0. hermsi American Q 
fever. 0. coriaceus and stageri inflict painful bites on 
man. Argas pcrsicus is a poultry pest -which acts as 
a vector of avian spirochaetosis and possibly of fowl 
paralysis, and the spinosc ear tick, Olobius megnini , is 
an important pest of cattle which has occasionally been 
found also in the ears of man. Reptiles, birds, bats, 
carnivores, ungulates, rodents, and primates are in- 
cluded in the host list, eleven spedes of soft ticks having 
been recorded from man . Nineteen spedes occur in the 
United States. 

Teachers and research workers will regret that no 
mention is made of the internal anatomy of soft ticks. 
A brief summary of this subject, or at least references to 
it, would have been a valuable addition. 

The high quality of the contents of the volume is' 
matched by the excellence of its physical make-up. It 
is well printed on good paper, durably bound, and has 
only a few minor typographical errors. 

The real value and adequacy of a work of this kind 
for the accurate identification of spedmens can be 
determined only by actual use of the keys and descrip- 
tions. There is every indication that this monograph 
will stand the test of time and use, and it is to be hoped 
that the authors and other competent specialists will 
continue to build well upon the good foundation it 
supplies. 

Albert Miller. 

Laboratory Methods of the United States Army , 5th Edi- 
tion. Edited by James Stevens Simmons, B.S., 
M.D., D.P.H., Ph.D., Sc.D. (Hon.), Brigadier 
General, U. S. Army, Chief, Preventive Medicine 
Service, Office of The Surgeon General, U. S. Army, 
and Cleon J. Gentzkow, M.D., Ph.D., Colonel, 
M.C., U. S. Army, Commanding Officer, Deshon 
General Hospital. Lea & Febiger, Philadelphia, 
Pa., 1944. Illustrated. Pp. 1-14, 15-823. 

This revised edition contains 103 engravings and 8 
color plates, with twenty-five contributors from both 
the U. S. Army and civilian institutions. Advice and 
assistance was given by many from the Army, U. S. 
Public Health Service and prominent civilians. 

The compilation of contents is divided into XI parts, 
and covers: Clinical Pathology; Chemistry; Mycology; 
Bacteriology; Rickettsiae and Filtrable Viruses; Pro- 
tozoology; Helminthology; Entomology; Pathology; 
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Special Veterinary Laboratory Methods, and Statistical 
Methods. 

With so many subjects it is condensed to the essential 
recognized technical procedures. The printing and 
paper are excellent The binding is poor. It contains 
much valuable and useful information, and is a cross- 
section of thought from many parts of the country. 
Necessity demands that for all students no one book 
suffices. 

Harvey R. Ltvesay. 

Malaria: Iis Diagnosis, Treatment and Prophylaxis . 
By WnxiAif PL Bispuaxt, Colonel, U. S. Army, Re- 
tired. Pp. 1-183 with V plates, four of which arc 
colored. The Williams & Wilkins Company, Bal- 
timore, Md. 1944. 

This book has been written to give the physician a 
knowledge of the clinical features of malaria. In keep- 
ing with this expressed purpose the author has consid- 
ered such subjects as Etiology, Epidemiology, and 
Pathology only briefly. There is a more detailed discus- 
sion of “Symptomatology” and “Treatment.” 

A useful addition to a book of this type would be a 
concise chart of the differential characteristics of the 
various species of the Plasmodia that produce malaria 
in man. Such a chart would be of definite assistance to 
the physician in making a correct diagnosis of malaria. 

The protean clinical manifestations of the three 
diseases grouped under the term malaria arc completely 
considered. The various types of pernicious malaria 
are classified according to symptoms and arc discussed. 

Drugs and treatment methods are discussed. The 
physician who has not had experience with the treat- 
ment of malaria would welcome a definite recommended 
dosage regime of the various drugs employed. The 
newer dosage of atabrine, using a large initial dosage and 
smaller maintenance doses, appears in the chapter on 
“Prevention and Treatment of Malaria in West Africa,” 
by Dr. L. T. Coggeshall. 

In the discussion of intravenous quinine there appears 
to be a miscalculation, as the injection of 8 ounces (240 
cc.) of a solution containing 25 grains in 10 ounces 
(300 cc.) will give 19.2 grains, not 10 grains as stated. 

No mention is made of the effective intramuscular 
administration of atabrine. 


The chapter “Prevention and Treatment of Malaria 
in West Africa” by Dr. L. T. Coggcshall, contains much 
useful information about malaria in general. 

This book should be useful to the physician in giving 
him a more thorough understanding of the clinical 
features of malaria. 

Pratts L. Ddtf. 

Fundamentals of Internal Medicine , 2d cd . By Wallace 

Mason Yater. B. Appleton Century Company* 

1944. Pp. I-XLI, 1-1204. 

One can scarcely picture a more ambitious under- 
taking nor one which comes closer to realization than 
that undertaken by the author in this work. In the 
space of 1,169 pages he not only covers practically every 
disease known to internal medicine but has space in 
which to include a well rounded discussion of psychoses 
and psychoneurosis. 

It is also a surprise but a pleasant one, to find a sec- 
tion on the diseases of the skin. The internist may 
believe that he may choose the limitations of his knowl- 
edge but it is otherwise with the patient The patient 
does not expect to be sent to a dermatologist for every 
skin lesion which seems simple to him. This section 
gives all of the common skin diseases which one is likely 
to encounter together with well chosen illustrations. 

Although the book is supposed to deal only with fun- 
damentals almost any section covers the subject very 
thoroughly and in some instances to a surprising degree. 
In a few instances there are omissions of valuable diag- 
nostic measures such as the complement fixation test 
in the rickettsial diseases but in general the book is well 
abreast of the current medical literature. 

The section on dietetics and the list of diseases given 
according to abnormal findings in the laboratory , pro- 
vides a quick reference. The work is quite in keeping 
with the growing tendency to stick to the facts in an 
undertaking of this type and to leave the extrapolations 
of theory and elegance to special monographs. 

To prepare a work upon the fundamentals of diseases 
requires an extremely broad outlook and background of 
medicine. The work itself testifies to these qualifica- 
tions in the author. The book will prove to be ex- 
tremely useful to anyone who keeps it handy. 

Henry M. Winans. 



BAILEY K. ASHFORD AWARD IN TROPICAL MEDICINE 


At the annual meeting of the American Society 
of Tropical Medicine in Memphis, the Bailey K. 
Ashford Award in Tropical Medicine was estab- 
lished by Eli Lilly & Company. The award will 
be SI, 000.00 and a bronze medal suitably engraved. 
An additional amount of $150.00 or as much 
thereof as may be necessary is available toward 
traveling expenses for the recipient of the award. 

Conditions of the Award 

As adopted by the Council November 10, 1941 

1> The Bailey K. Ashford Award will he given 
annually in recognition of demonstrated research 
in the field of tropical medicine, taking into con- 
sideration independence of thought and origi- 
nality. 

2. The investigator must be a citizen of the 
United States of America and less than 35 years 
of age on January 1 of the year in which the award 
is made. The recipient must not be associated 
with a commercial laboratory and need not be a 
member of the American Society of Tropical Medi- 
cine. 

3. Members of the American Society of Tropical 
Medicine shall be requested to submit to the Secre- 
tary of the Society (in triplicate) the name of a 
proposed recipient with full information con- 
cerning the personality, training and a statement 


of the research work for which the award is to be 
jnade. Such nominations must be in the hands 
of the Secretary at least six months before the date 
of the award and will be forwarded to the Com- 
mittee of Award immediately after that date. 

4. The Committee of Award shall have complete 
freedom, within the limitation of the above con- 
ditions, in selection of the recipient but shall give 
due consideration to nominations submitted by 
members of the Society. The selection of ‘ the 
recipient shall be reported to the Secretary of the 
Society at least four months before the date of the 
award. 

5. The recipient will be given opportunity to 
present a short review of his work at the meeting 
at which the award is made. 

6. The Committee of Award shall consist of the 
President of the Society ex officio and three mem- 
bers of the Society, each to serve for a period of 
six years and one to be elected every other year 
at the annual meeting by the Council; except that 
the original committee be elected at once by the 
Council on nomination of the President, one mem- 
ber to be elected for six years, one for four years 
and one for two years. 

7. The name of the recipient and suitable recog- 
nition to the donors are to appear on the program 
of the scientific meetings of the Society. 
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SOME EPIDEMIOLOGICAL ASPECTS OF INFECTIOUS HEPATITIS 

IN THE U. S. ARMY 1 

Dotjglass W. Walker 2 
Received for publication December 8, 1944 


Infectious hepatitis is a well known affliction of 
armies in the field, and is particularly prevalent 
during times of war. 

In a recent paper by Lucke, reference is made to 
epidemics of this disease in foreign armies in the 
Franco-Prussian and South African Wars and in 
World War I. In the American Civil War there 
were over 50,000 cases and 231 deaths among 
Federal troops, and a small epidemic occurred in 
our Army of Occupation in 1919. 

Infectious hepatitis has not been confined to the 
military, however. During the past century and a 
half civilian outbreaks have been noted in England 
and Finland; and British investigators have studied 
the epidemiology extensively. In this country the 
disease has been reported by Blumer and others. 

Yet, despite considerable study, the nature of the 
etiologic agent and the manner of its transmission 
have remained obscure. It was realized that the 
relatively infrequent epidemic outbreaks stemmed 
from one or several cases which multiplied over 
weeks or months to reach a peak in the fall of the 
year, and then quickly subsided. The incubation 
period appeared to be about 30 days. The causa- 
tive agent, possibly a virus, was thought to be 
transmitted by respiratory tract discharges from 
an infected individual. The mortality was only 
0.2% to 0.4%, and surprisingly constant. Death 
was usually due to j^ellow atrophy of the liver. 

Another form of jaundice with the same symp- 
tomatology and clinical course had also been recog- 
nized following injections of human blood, plasma 
or serum. This type of hepatitis differed from the 
naturally occurring illness in two respects: a 
prolonged incubation period of 2 to 4 months and 
a low degree of communicability. Although sev- 
eral articles had been published concerning “homol- 
ogous serum jaundice,” it received relatively 
little attention in this country until an extensive 

1 Presented at the Annual Meeting of the American 
Society of Tropical Medicine in St. Louis. Mo., Novem- 
ber 14, 1944. 

2 Major, Medical Corps, A.TJ.S., Executive Officer, 
Preventive Medicine Service, Office of the Surgeon 
General, Washington, D. C. 


outbreak in the United States Army in 1942 which 
was associated with the administration of certain 
lots of serum-containing yellow fever vaccine. 
This epidemic gave a powerful impetus to and 
afforded a unique opportunity for study of this 
type jaundice by American investigators. The 
subsequent natural occurrence of epidemic hepa- 
titis in the Army in certain overseas areas 
re-emphasized the importance of this infection in 
military medicine, and provided the opportunity 
for its concerted study also. 

Certain epidemiological aspects of outbreaks of 
these two types of jaundice are described briefly 
as follows: 

I. THE OUTBREAK OF JAUNDICE IN THE ARMY IN 

1942 (an example of homologous 

SERUM JAUNDICE) 

Early in 1942 an increased incidence of jaundice 
in the Army in the United States was noted by the 
Preventive Medicine Service of The Surgeon 
General's Office. By March it was evident that a 
widespread epidemic was imminent, and immediate 
steps were taken to prevent its further spread. 
Jaundice was made reportable by radio from all 
commands, and teams of investigators were organ- 
ized and sent into the field. In addition, a report 
form was required on all cases and forwarded to 
The Surgeon General's Office for detailed analysis. 

It was soon apparent the epidemic was not 
limited to the continental United States, but was 
occurring simultaneously in troops in such widely 
separated regions as Hawaii, the Southwest Pacific, 
Alaska, Iceland and England. However, despite 
the magnitude of the outbreak and its wide dis- 
persion, The Surgeon General was able to take 
action to bring it under control within a short time. 
Data submitted by a team of the Army Epidemio- 
logical Board seemed conclusively to exclude toxic 
agents or contacts with infected civilians as causes, 
but did establish statistically a causal relationship 
between the administration of certain lots of yellow 
fever vaccine 2 to 3 months previously and the 
cases of jaundice. 

On the basis of this information, The Surgeon 
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General on April 15, 1942 discontinued the admin- 
istration of serum-containing yellow fever vaccine. 
At that time it seemed possible an icterogenic 


agent, perhaps the unknown cause of infectious 
hepatitis, had been introduced into the vaccine 
in human serum used in its preparation. The 
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subsequent development of the epidemic in the 
Army, and later epidemiological and laboratory 
studies, adequately supported the wisdom of The 
Surgeon General’s decision. A serum-free vaccine 
was substituted, and no jaundice, proven to be 
associated with yellow fever vaccination, has since 
developed in recipients of the serum-free prepara- 
tion. 

Some of the main points of interest in this out- 
break are graphically illustrated in the following 
figures: 

Figure 1 shows the reported admissions for 
jaundice in troops in the continental United States 


all other personnel then in the Army were vac- 
cinated. Included in the lots of vaccine used at 
this time were four more highly icterogenic lots, 
most of which were used during February and 
early March. Since the* incubation period for 
homologous serum jaundice is from 2 to 4 months, 
it immediately becomes apparent that the first peak 
resulted from the use of icterogenic lots in late 1941, 
Similarly, the later administration of additional, 
icterogenic lots to a much greater number of troops 
gave rise to a second and higher peak. 

Figure 2 shows admissions for jaundice in troops 
overseas. The first peak represents jaundice in 



during 1942. There is an ill-defined primary peak, 
followed approximately 2 months later by a second, 
higher peak, which falls off rather sharply to the 
usual baseline incidence for the Army. An epi- 
demic with two such peaks is not unusual, and 
might indicate a primary and secondary wave of a 
highly contagious disease. But this outbreak was 
£5 out of season,” and the explanation for this 
type of curve lies in the manner in which the 
Army’s vaccination program against yellow fever 
was carried out. During the latter part of 1941 
all Air Corps personnel and Ground Forces troops 
alerted for overseas duty were inoculated with 
yellow fever vaccine. The vaccine administered 
at this time included three highly icterogenic 
lots. Between January 20 and April 15, 1942, 


troops in Hawaii; the second represents chiefly 
jaundice in England, Ireland and Iceland; while the 
third sharp rise was an isolated outbreak at a post 
in Alaska where inoculations against yellow fever 
with an icterogenic lot of the vaccine were carried 
out in Ma 3 * of 1942, one month after the rest of the 
Army had ceased using this product. 

Figure 3 combines the two previous graphs to 
give a composite curve of the admissions from 
jaundice in the entire Army in 1942. A total of 
51,337 cases were reported. The two distinct 
peaks are readily noticeable in this figure. 

Figure 4 shows admissions from jaundice by lot 
numbers of yellow fever vaccine. It is fairly easy 
to pick out those lots which were highly icterogenic. 
They were numbered 331, 334, 335, 338, 367, 
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36S and 369. It can be seen that a great many occur in personnel immunized with lot 334 of the 
non-icterogenic lots of vaccine were administered vaccine. 

to persons who later developed jaundice, A ratio Figure 6 shows several “work sheet graphs” 

of cases of jaundice, per 1000 doses of the vaccine illustrating the striking resemblance of the vaccina- 

issued, reveals that there is no great variation in tion schedules at certain posts to their subsequent 
the computed attack rate among the non-ictero- outbreaks of jaundice. Even in small isolated 

genic lots. It is believed these cases represent the posts in Alaska this type of graph obtained. 



Fig. 4 


expected incidence of infectious hepatitis in the xt. infectious hepatitis in the army in north 
Army. Africa in 1943. (naturally occur- 

Figure 5 is intensely interesting. It designates ring ineectious hepatitis) 

the number of doses of yellow fever vaccine by lot Let us now tum t0 the naturally occurring 
numbers that were issued to the Army and Navy, disease. It is generally recognized that infectious 

The Navy reported practically no jaundice during hepatitis has a world-wide distribution. It occurs 

1942. As can be seen from this figure, the Navy throughout the year, but with a marked seasonal 

received none of the icterogenic lots except 334 and prevalence. A study of the incidence of infectious 

369. A limited number of doses of these lots hepatitis among troops in the United States from 

were issued to the Navy, and jaundice did 1931 to 1941 reveals that admissions from this 
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disease increase during the late summer, reach 
a peak in November and December and then fall 
off sharply to an average level of about 1 per 1000 
per annum. It has been noted, however, that, in 
those regions of the southern hemisphere where 
seasons are reciprocal to ours, the peak incidence of 
infectious hepatitis in troops occurs during months 
corresponding to our autumn. 

During the late summer and fall of 1943, a 
rather extensive epidemic of infectious hepatitis 
occurred among our troops in North Africa. As 
can be seen from Figure 7 admissions from jaundice 
in this theater, which has seasons corresponding in 
general with those in this country, began to 
increase in August and September, reached a peak 
in November, and then fell off rather sharply, 
following the usual pattern for this infection. This 


of respiratory spread have pointed out, however, 
that there may be four times as many non-icteric 
cases as icteric. Thus the epidemiological picture 
is complicated because of the impossibility of 
accurately tracing contacts. Also, experimental 
evidence to support the theory of respiratory 
spread is afforded by the work of Finlay and 
Martin, who produced mild jaundice in human 
volunteers by instilling into their noses the nasal 
.washings from three patients in the pre-icteric or 
early stages of hepatitis following yellow fever 
immunization. 

The apparent restriction of the disease in North 
Africa to -certain insect-ridden areas plus the 
tendency of incidence curves toward a relationship 
with those of malaria and sandfly fever, but occur- 
ring three months later, has led other observers to 
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Fig. 7. Infectious Hepatitis, admissions per thousand men per year North Africa 


epidemic provided opportunity for investigation of 
the naturally occurring disease, and intensive 
studies were made of its epidemiology by medical 
officers in the Theater and by specialist personnel 
from this country. These studies have been con- 
tinued in laboratories, both in North Africa and in 
the United States, and certain salient facts have 
been forthcoming which are forcing a revision of 
our concepts concerning the origin and spread of 
infectious hepatitis. 

I have mentioned that until recently the spread 
of infectious hepatitis was believed to be respira- 
tory in nature, and efforts to control it had been 
directed accordingly. Yet in North Africa admis- 
sions from jaundice did not parallel those from 
respiratory diseases and close’ contacts with de- 
veloping cases did not have a higher rate of infec- 
tion than non-contacts. Proponents of the theory 


postulate that infectious hepatitis is transmitted 
by blood sucking insects, and that the prolonged 
incubation period observed in post- vaccinal jaun- 
dice also obtains in the naturally occurring disease. 
The theory of insect transmission seems very 
plausible to them. The facts that jaundice can be 
transmitted by inoculation of small amounts of 
serum, that the virus apparently remains in the 
blood of infected persons for long periods of time, 
that the disease seems to occur more frequently in 
certain locations, that there is a definite seasonal 
incidence and that secondary cases are hard to 
prove, are all in keeping with this theoiy. Experi- 
mental proof is lacking at the present time, but 
work now in progress under the direction of the 
Army Epidemiological Board should provide 
interesting data in the near future. 
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In reviewing conditions in North Africa a month 
before the jaundice outbreak, still other investi- 
gators were led to trace its origin to the same 
conditions which were associated with high rates of 
diarrheal disease and dysentery. This observation 
may be entirely valid, as it now seems likely the 
spread of infectious hepatitis is related to insani- 
tary conditions. Experiments in both this coun- 
try and England have recently shown that the 
virus of infectious hepatitis occurs in human feces. 
Its spread, therefore, might be expected under the 
same conditions which favor that of bacillary 
dysentery, and because of its rather long incuba- 


tion period would occur a month or more after a" 
dysentery outbreak. 

We are therefore in a dilemma peculiarly similar 
to that presented in the control of poliomyelitis. 
We are now aware that an attempt to prevent the 
spread of infectious hepatitis by employing only 
those methods used to control respiratory infections 
is probably inadequate. It seems clearly indicated 
that until the epidemiology of this disease is more 
completely worked out, we must place more 
emphasis on environmental sanitation and insect 
control than has previously been considered neces- 
sary. 



THE SYNDROME, TROPICAL EOSINOPHILIA AND MICROFILARIA 
A. van* jder Sar axd IT. ITartz 

From the Public Health Senior, Curacao, JV. IK. /. 

Received for publication January S, 1945 


In the last 25 years numerous publications have 
appeared concerning the occurrence of a hypcrlcu- 
kocytosis with hypcrcosinophilia, concurring clini- 
cally with enlargement of superficial lymph nodes 
a spleen either enlarged or not, and attacks of 
asthmatic bronchitis. The pathologic picture 
developed gradually and appeared to have a be- 
nign course. Roentgenol ogicalh small broncho- 
pneumonic foci could be demonstrated in some 
cases. 

Gifhn (1), in 1919, reported a case with persistent 
eosinophilia, hyperleukocytosis and ^plcnomegalia, 
in which at the same time enlarged superficial 
lymph nodes were found. The number of Icuko- 
cyteswas 21,000 with per cu. mm. 73% eosinophilic 
cells. 

In 1921, Aubertin and Giroux (2) reported a case 
of splenomegalia in which the number of leuko- 
cytes varied from 6900-26,000 per cu. mm. with an 
eosinophilia of 65-70% respectively, and Mc- 
Donald and Shaw (3) followed, in 1922, the highest 
number of leukocytes amounting to 31,000, of 
which 71.4% were eosinophil es. In the Nether- 
lands East-Indies dc Langen and Djamil (4), in 
1923, observed a patient with a leukocytosis of 
13,200 and an eosinophilia of 85%. Here the 
asthmatic phenomena came to the fore front and a 
large, hard spleen developed. Antihclminthics 
had no influence on the course of the disease. 

In 1927, Armand-Dclille and Mmc de Picrredon 

(5) demonstrated a boy from one of the French 
colonies, with repeated attacks of asthma. Here, 
too, the spleen was enlarged, there was persisting 
leukocytosis of 35,000 cells with an eosinophilia of 
76%. Antihelminthics gave no improvement. 
Little patches were to be seen on the x-ray picture 
of the lungs which reminded one of miliary tuber- 
cles. At the same time a new report of de Langen 

(6) appeared about Strongyloidcs slcrcoralis in- 
fections with marked leukocytosis. The lowest 
number of leukocytes was 8000 and the highest 
26,000 per cu. mm. The eosinophilia varied from 
30-85%, with the asthmatic phenomena predomi- 
nating. In 11 of 13 patients the spleen was en- 
larged. The patients were treated with tartar 


emetic injections and all phenomena disappeared 
promptly. No relapse was observed. 

In Cuba, Valledor, Mendoza and Pendrera (7), 
in 1939, reported 4 cases in children with hyperleu- 
kocytosis, in which the number of leukocytes 
varied between 20,000 to 71,000 per cu. mm., 
whereas the highest percentage of eosinophilic cells 
amounted to 80%. The principal features were: 
a somewhat enlarged spleen, and slight rises of 
temperature during several months. The little 
patients had a dry cough. All the x-ray pictures of 
the lungs showed the so-called pseudo-granula 
picture. The children were observed for several 
years; in all of them the process had a favorable 
course. 

In 1941, Bass (8) observed three cases. Two of 
them had been published by him in 1931, as pre- 
sumable eosinophilic leukemias. However, one of 
them was traced during seven years, the blood- 
picture recovering itself completely in that time. 
The boy was a native of Puerto Rico, W. I. 

The largest number of leukocytes that was ob- 
served amounted to 45,200 per cu. mm., with an 
eosinophilia of 73%. In this case there were 
swollen lymph nodes and an enlarged spleen. 
Lung-phenomena were found in only one patient. 

In the Netherlands East-Indies a publication 
appeared in 1939 by Meyers and Kouwenaar (9) 
in which a very important discovery was made. 
In 7 patients with leukocytosis and hypereosino- 
philia, large glands were found in the groin-region. 
In one case there existed a hyperleukocytosis of 
38,000 per cu. mm., with an eosinophilia of 65%. 
The lowest number of leukocytes was 7000 per cu. 
mm., and the lowest percentage of eosinophilics 
11%, but in all cases there was general enlargement 
of the lymph nodes, expecially of the inguinal 
glands. In three cases abscesses were found in the 
nodes. In only a few cases was the spleen enlarged. 
Two patients showed symptoms of acute nephritis, 
whereas two patients suffered from attacks of 
bronchial asthma. On accurate and extensive mi- 
croscopic examination they found in the inguinal 
glands little eosinophilic abscesses in which there 
were parasites which had the aspect of microfilaria. 
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However, no microfilaria was found in tin* Mood (in 
some eases with an observation period of 21 to dj 
years). No adult Maria was found. The nephritis 
and asthma attacks were considered by them as 
allergic with a filaria-infeetion as the chief cause. 
Some weeks later they succeeded in making 
smears of the glands, in which the microfilaria 
could he demonstrated as Microjlhirui nuilnyi 
(10). There remained the peculiarity that these 
microfilaria could not be found in the peripheral 
blood. Weingarten (JJ), in J9J8, in India, men* 
t toned 81 eases of hvpercosinophilia which he 
had observed since HAH. In his table the highest 
number of leukocytes is 61,000 per cu. mm., the 
highest number of eosinophilic* S l ) r / r , He speaks 
of a new pathologic picture “Tropica) KosinophilLT* 
and emphasizes the lung phenomena, attacks of 
bronchial asthma, stubborn cough which impedes 
sleeping and presents itself between 1 a.m. and 5 
a.m. During the daytime the patient is free from 
fits of coughing. Typical symptoms arc malaise , 
lack of appetite and emaciation. During the first 
period, in which fever occurs, the spleen is en- 
larged. No mention is made of enlarged lymph 
nodes. 

PERSONAL OBSERVATIONS 

Case 1: Patient 2. A., white female, aged *16, born in 
the Netherlands was treated in February 1912 for a 
little abscess in the left breast, which healed without 
any complication. In June, 1942, she was seen for the 
first time, as she had had a stubborn cough for a month. 
This cough presented itself in attacks, especially at 
night between 3 a.m. and 4.30 a.m. These fits of cough- 
ing were combined with asthma toid tightness of the 
chest. She practically did not cough during day-time. 
She had light rises of temperature, lack of appetite, 
was tired, listless, excitable and emaciated. When the 
patient was on night-duty (she was a nurse) the attacks 
also occurred but in a lesser degree and on the same 
hours. She could sleep well during the day-time and by 
doing so she rested better. During her 18 years stay in 
Curacao she had never been seriously ill and had never 
had any attacks of erysipelas and during these 18 years 
she had never left the island. There are no asthmatics 
in the family. 

The sputum that was excreted was tough and muco- 
purulent, never mixed with blood and had no metalic 
taste. The defecation was normal, and of late she had 
had no diarrhea. Urination occurred without any 
complaints, and albumin had never been discovered in 
the urine, neither had she observed anything resembling 
chyluria. 

Pi^sical examination; The patient who had already 
been in bed for a week, looked tired and listless. The 


puhe was regular, equal, symmetrical and felt somewhat 
urah. /he ptibr rate was 86 a mfntilc. The systolic 
blood pressure was 120 mM mercury and the diastolic 
90 niM mercury. The skin felt moist, the patient per- 
spired very much, there was no edema and no jaundice. 
Ihe hear! showed nothing abnormal. The trachea 
was situated jn the middle, the thyroid-gjnnd was riot 
enlarged, there were no palpable lymph nodes. 

The thorax: the lungs expanded evenly on deep 
inspiration, the hinghorders were of equal height and 
moved well. The lung-liver border was situated in 
the .*>lh intcrriisLil space. At percussion the sound 
was normal. On auscultation both dry and moist 
rales were heard diffusely over the lungs. The left 
mamma was a little larger than the right one and a little 
edematous under the mammilla a scar could be seen. 
On percussion the heart was of normal size and not 
displaced. The heart-sounds were dear; A2 louder 
than P2. A packet of lymphnodes could be felt in the 
left axilla, the nodes were not confluent with the skin, 
neither with the underlying tissues nor with each other. 
The size varied between that of a pea and that of a 
large bean. 77/e abdomen was flaccid , the liver was 
not enlarged and not palpable. The spleen reached as 
far as the arcus costae, and felt hard. 

The abdominal lymphnodes were not palpable. The 
genitalia externa ct interna showed nothing abnormal. 
The reflexes were normal. 7*he muscles were normally 
developed, there was no atrophy. 

Laboratory examinations: The urine: the specific 
gravity was 1022, the urine was clear and of a yellow 
colour. 7'he reactions on albumen, glucose were nega- 
tive. the urobiline reaction slightly positive. The 
sediment contained 0-2 leukocytes per high power 
field. "The sputum was repeatedly examined for tlx: 
bacilli; always with negative result. 

Tlie sputum contained a remarkable number of 
eosinophilic cells. The examination for fungi both in 
the microscopic preparation as in the culture test was 
negative. 

The sputum examination for parasitic ova, for larvae 
of anguillula stcrcoralis and for microfilaria remained 
repeatedly without positive results. The examination 
for microfilaria in the capillary blood taken every two 
hours during 24 hours, was negative, just as the con- 
centration method with venous blood on various dates 
during the period from June 1942 to July 1944. 

The feces examination for ova and parasites was 
negative. The concentration methods of Cort Sand- 
Ground for anguillula stcrcoralis gave always negative 
results. 

The reactions for trichina infection with the skin test 
as well as the complement fixation test were negative 
as was Casoni's reaction for echinococcus. The tuber- 
culin reaction (Pirquet) was positive. The chemical 
examination of the serum gave the following results: the 
total cholesterol content 229.8 mgr.% as esters 152 
mgr.%. The bilirubin content according to Hymans 
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\an den Hergh: direct reaction negative, indirect l 
Unit. 

The Ta kata- Ant reaction was positive. The total 
scrum-protein determination gave 8 I r r of which albu- 
min 50 $ r i and globulin 4Q r f- The Wassermann and 
Kahn reactions were negative. The determination of 
the metabolic rate gave the value a. 

Biopsy of the lymph nodes in tin left axilla was per- 
formed by Dr. M. J. Hugcnholtr. 

Examination of the biopsy: Mai roscopic. On sec- 
tion the nodes were pale brownish grey in color and 


The lymphatic tissue contained many plasma cells. 
The majority of the intermediate sinuses were narrow' 
and their reticulum could be easily discerned. 

Eosinophilic poh morphonuclcar leukocytes w'ith the 
topical bilobed nucleus were found in great, sometimes 
enormous numbers, in the nodes. One or more of them 
were found lying in nearly every blood vessel; they w'ere 
present in varying numbers in the sinuses but the 
greatest number occurred in the lymphatic tissue. 
Here they were found as loose eosinophilic infiltrates, 
which in some places were more dense and circumscript 



Fig. 1. Case 1. Part of microfilaria probably tail, surrounded by eosinophilic leukocytes. X 1300. 


showed several minute yellowish spots which were softer 
than the surrounding tissue. The nodes w ere embedded 
in fairly dense, greyish connective tissue. Microscopi- 
cal examination: The original structure of the node 
could only partially be recognised; the marginal sinus 
had disappeared in many places and the lymphoid tissue 
bordered directly on connective tissue rich in collagen 
and heavily infiltrated by plasma cells and in some 
places by eosinophilic leucocytes. 

In the fatty tissue found in the neighbourhood of the 
nodes the infiltration was particularly heavy. Here 
enormous numbers of plasma cells and smaller, but still 
very great numbers, of eosinophilic leukocytes w’ere 
present; here also new' follicles with germ centers had 
been formed. In the nodes there w'ere great numbers of 
follicles with germ centers which often consisted almost 
completely of large reticulum cells and histiocytes and 
generally showed few* mitoses. 


and in still other places formed eosinophilic abscesses. 
Here many eosinophilic leukocytes showed signs of dis- 
integration. Eosinophilic myelocytes were not ob- 
served. 

In some of the eosinophilic abscesses and infiltrates 
small w orms w ere observed w’hich show ed the character- 
istics of microfilaria They differed only from the 
microfilaria which are found in the lumina of blood 
vessels in that they appeared to be more shrunken and 
probably must be considered as dead. 

Course: As the patient was continually being 
troubled by asthmogenic bronchitis, it was decided in 
Feb. 1943 to treat her with tartar emetic injections. 
The tartar emetic was dissolved in 5% glucose solution. 
The total quantity was 1500 mgr. After 4 injections 
the effect was brilliant, the attacks decreased in violence 
and frequency, she excreted less sputum and could sleep 
better. She had not had any more attacks after the 6th 
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Fig. 2 



2 and 3 Ca=e 1 . Section of microfilaria focussed in different planes. 

alaisvisible. There are many eosinophilic leukocytes. X1300. 


The striation of the microfilaria or 
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Fig. 4 . Case 1 . Part of Microfilaria. X 1300 
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injection. The patient started to eat better, felt better, 
grew more cheerful. 

Light toxic phenomena were observed only at the 
end of the cure in the form of muscular weakness. High 
doses of vitamin B 1 caused the phenomena to soon dis- 
appear. The effect on the blood-picture is clcarl}' visi- 
ble in the table (Table 1). The number of leukocytes 
has decreased from 13,600 to 9,500 per cu. mm., the 
number of eosinophilic cells from 49% to 11%; the 
rate of sedimentation according to Westcrgren, from 


still a little too high. The Takata-Ara reaction is at 
present negative. Xo microfilaria could be shown in 
the peripheral blood. 

Case 2 . Patient 0. S., a white man, aged 31, bom in 
Curacao, was seen by us for the first time when he had 
to be examined for Government service. In the anam- 
nesis he indicated that from Dec., 1942 , he had suffered 
from asthma attacks. He coughed much, also during 
the daytime. He expectorated muco-purulent sputum 
but had never seen blood with it. The sputum had no 


TABLE 1 


Results of Blood Counts in Case 1 


DATE 

HEMO- 

GLODIN 

CONTENT 

RED CELLS, 
PER cu. mm. 

white 
cells, 
PER CU. 
jrit. 

POLY- 

MORPHO- 

NUCLEAR 

NEUTRO- 

PHILS 

NONSEG- 

MENTED 

NEUTRO- 

pniLS 

EOSINO- 

PHILS 

BASOPHILS 

, LYlIFHO- 
* CATES 

MON O- 
NUCLEAF 
LEUKO- 
CYTES 

, SEDIMEN- 
1 TATION 

KATE 


Per cent 



per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

mil 

6/ 3/1942 

76 

4,620,000 

16100 

29 

0.1 

59 

0.3 

0.8 


42 

6/11/1942 

73 

3,220,000 

23300 

16 

0.1 

62 

0.1 

IS 

2 

50 

6/19/1942 

77 

4,600,000 

25100 

23 

0.1 

62 


13 

1 


7/ 3/1942 

75 

3,990,000 

20900 

36 

0.2 

34 

0.3 

19 

6 

91 

7/14/1942 , 

78 

4,900 , 000 

28100 

27 

0.1 

52 


15 

5 

40 

8/ 7/1942 

78 

4,940,000 

23100 

22 

0.1 

49 

0.1 

20 

7 

78 

9/ 5/1942 , 

63 

3,860,000 

18400 

41 

0.1 

39 

0.1 1 

13 1 

5 

74 

1/ 7/1943 1 

82 

4,280,000 j 

26300 

25 


57 

0.1 

11 

6 

[ 60 

j 

Tartar emetic course 








2/ 2/1943 

75 

4,180,000 

[ 13600 

37 

1 

49 


11 

3 

51 

2/13/1943 



10700 

29 


43 

i 

25 

3 

30 

3/ 1/1943 

69 

4,190,000 

7600 

32 

0.1 

40 

0.2 

22 

3 

24 

3/15/1943 

81 

4,020,000 

9500 

52 


11 

0.2 

30 

5 



Tartar emetic course finished 








5/27/1943 

80 | 

4,500,000 1 

21500 

31 


61 


0.7 

1 

51 

8/14/1943 

Mafarside course 









8/14/1943 

91 

4,880,000 

18800 

35 


53 

0.1 

0.9 

2 

0.5 

9/23/1943 



10900 

37 


19 

0.1 

37 

6 


11/ 3/1943 

90 

4,610,000 

11600 

41 


16 


41 

2 

10 


Mafarside course finished 








2/24/1944 

84 

4,570,000 

8400 

48 


0.9 


36 

7 


7/26/1944 

97 

4,850,000 

9900 

50 


0.7 


33 j 

10 

0.5 


51 mm. the first hour to 24 mm. the first hour. 
The total serum-protein was now 5.2% of which 
albumin 51.%, globulin 47%, the fibrinogen 3.3%. 
The Takata-Ara reaction was still positive. Cholesterol 
total 170 mgr.%, cholesterol ester 100 mgr.%. The 
patient was completely free from complaints until the 
end of May, 1943, when on the 25th of May, 1943, she 
had once more an attack (for the blood picture see 
Table 1). On August 15th, 1943, the Mafarside cure 
according to Weingarten was begun. The bronchial 
phenomena disappeared immediately. From August, 
1943, until Dec., 1944, the patient has had no more 
attacks. Her weight has considera bh' increased from 
55 kg. to 68 kg. The blood picture has completely 
changed, although the number of eosinophilic cells is 


metalic taste. The time of appearance of the attacks 
depended upon the time at which he went to bed; did 
he go early, then the attack came at 2 a.m.; did he go to 
bed late, he. 12 p.m., then the attack came at 6 a.m. 
For that reason he generally went to bed late in order to 
get a sufficient night’s rest. 

Since Jan., 1943, he had noticed that there were 
lymph nodes in the right axilla. He had never had any 
fever. Defecation was regular and he had never ob- 
served any diarrhea. Micturition was normal, nephri- 
tis or chyluria had not been found. He had never had 
venereal diseases. At the age of 6 he had gone to 
Venezuela for a period of 4 years, after which attacks 
of asthma had manifested themselves until his 15th 
year. When he was 17 years old he developed pleuritis 
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Fig. 6. Case 2. Eosinophilic myelocytes in a lymphnode. X1300. 



Fig, 7. Case 2. Mitosis in Eosinophilic Myelocytes. X1300. 


sicca and this disease lasted 6 weeks before he was attacks. In the family anamnesis no asthma or other 

completely recovered. From his 15th up to his 31st allergic diseases occurred. 

year he had never had any more trouble from asthma Physical examination * The patient was a well-built, 
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muscular man. Nothing abnormal could be found on 
the head and neck. The tonsils were not enlarged. 
The pulse was regular, equal, symmetrical, the pulse 
rate was SO a minute. The blood pressure was 120 mm. 
systolic and 80 diastolic. The thorax was wide and 
moved evenly. The lung borders were equal in height 
and moved well. The percussion sound was normal. 
On auscultation there were dry and humid rales with an 
expiratory wheeze. The heart configuration was nor- 
mal. On auscultation no murmurs were heard. 

The examination of the abdomen showed a palpable 
spleen, just one finger beneath the arcus costae. The 
reflexes were normal. The genitalia externa were 
normal. 


fixation test for trichinosis were negative. The total 
serum-protein content was 9.5% of which albumin 
37.2% and globulin 62.8%. The Takata-Ara reaction 
was positive. The total cholesterol content was 170 
cholesterol ester 100 mgr.%. The liver func- 
tion test (galactose test) was negative. The basal 
metabolic rate was plus 17%. 

The bilirubin content of the blood serum according 
to Hymans van den B Bergh, was not increased. The 
serological reactions for lues were negative. The first 
blood picture gave 41,000 leucocytes per cu. mm., vith 
55% eosinophilic cells (see Table 2). 

The sputum examination for tubercle bacilli was 
negative, but many eosinophilic cells were present. 



Fig. 8. Case 2. Megakaryocyte and eosinophilic myelocyte in a Iymphnode. X 1300. 


Lymph gland system: In both axillas enlarged lymph 
glands were palpable. In the right axilla one gland of 
the size of a dove’s egg was palpable and it was hard 
and adherent to the large vessels. In the left axilla 
three w as one gland of the size of a large bean and some 
smaller ones; they vere not fused and were very easily 
movable. The x-ray picture of the lung shoved large 
hili, many bronchial shadovs and diffusely scattered 
small foci. 

Laboratory and Chemical examinations. The urine 
examination, specific gravity 1025, the reactions for 
albumin, glucose and urobiline vere negative; the sedi- 
ment contained nothing abnormal. The feces exami- 
nation for parasite-ova, repeated several times, gave 
negative results. The skin reactions for tuberculosis, 
trichinosis and echinococcus, as veil the complement- 


No Strongyloides larvae or micro-filaria v ere found in 
the sputum. 

Biopsy of the lymph nodes in the left axilla was per- 
formed by Dr. M. J. Hugenholtz. 

Microscopical examination: The structure of the node 
vas typical. The capsule was thin and in some places 
infiltrated by plasma cells; there was a narrov marginal 
sinus. In the cortex there v ere well developed follicles 
vith pale centers; sometimes these contained much 
hyaline material. The intermediate sinus appeared 
normal. 

Eosinophilicpolymorphnuclear leuhoc\ tes were pres- 
ent in very great numbers; they vere found m the 
lumina of the blood vessels, vere ven frequent in the 
smus and occurred in the lymphoid tissue as eosino- 
philic infiltrates and as small eosinoph.lic abscesses. 
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In another part of the node the histological picture 
was entirely different. Though the general structure 
of the node could still he easily recognized, there were 
no follicles. Chiefly in the medullary cords but some- 
times to a much lesser extent in the sinus, there occurred 
large numbers of eosinophilic myelocytes with pale 
staining, round to oval nuclei ^ith one or tuo nucleoli. 
They not infrequently showed mitotic divisions. There 
were also typical eosinophilic mcta-myclocytcs and leu- 
kocytes. In several places large cells with very fine, 
already eosinophilic granules, were seen which were 
probably pro-myclocytes. There were several well 
developed megakaryocytes. The lymphoid tissue ap- 
peared to be overgrown by the myelocytes. As un- 
fortunately the available material had already been 
serially sectioned and stained with hematoxylin and 


blood was counted once in a while and the leukocyte 
values have decreased to normal but the number of 
eosinophilic cells is a little too high. The sedimentation 
rate has become normal. He has not had any more 
asthmatic attacks. His weight has increased from 161 
lbs. to 185 lbs. The lymph nodes have totally disap- 
peared. The man feels fit and plays again his tennis 
matches. 

Case 3: A colored boy, 17 years of age, was admitted 
to St. Elizabeth’s Hospital in July, 1938, on account of 
gland-tumors in the sulcus biripitalis medialis dextra 
(just above the elbow-articulation) and enlarged 
glands under the chin. During the last month the 
glands had been enlarging all the time. He had not 
had any fever. He coughed but he had not expectorated 
blood. There had been no asthmatic attacks. He had 


TABLE 2 

Results of Blood Counts in Case 2 


DUE j 

1 

i 

1 

hemo- 

clohin 

CONTENT J 

xn> CELLS, 
PER CU. MM. 

WHITE 
CELLS, 
TER CU. 
HU. 

PLATE- 
LETS, 
TER CU. 

uy. 

POLY- 

jiorpho- 

KU CLEAR 
NEUTRO- 
PHILS 

EOSINO- 

PHILS 

BASOPHILS 

LYMPHO- 

CYTES 

MONO- 

NUCLEAR 

LEUKO- 

CYTES 

SEDIMEN- 

TATION 

RATE 

i 

j 

per cent 




ter cent 

per cent 

per cent 

Per cent 

Per cent 

mU 

2/ 5/1943 

97 

5,520,000 

41,000 

254.000 

19 

55 


24 

2 

36 

2/20/1943 



30,200 


25 

50 

1 

21 

3 


3/12/1943 1 



32,000 


6 

81 


13 

i 


3/22/1943 j 

Tartar emetic course 








3/29/1943 

S3 

4,320,000 

18,700 

350.000 

28 

54 


16 

2 

28 

4/ 9/1943 

80 

4,440,000 

12,400 


52 

17 

1 

22 

8 

25 


Tartar emetic course finished 








9/27/1943 

100 

5,270,000 

| 12,600 


48 

16 


49 

2 

5 

12/ 3/1943 

99 

5,420,000 

10,200 

320.000 

42 

10 


44 

4 | 

6 

7/19/1944 

97 

4,940,000 

6,400 


51 

13 

1 

30 

1 5 

9 

i 


azophloxin, hematologic methods could not be employed 
and no attempt was made to trace the promyelocytes, 
myelocytes and megakaryocytes to a well defined stem 
cell. No crythropoiesis and no cells which could be 
identified as neutrophilic myelocytes were observed. 

In the material from this patient no microfilaria 
could be found. 

Course: Violent asthma attacks manifested them- 
selves after the extirpation of the glands and these were 
treated symptomatically. In March, 1943, the tartar 
emetic cure was started. After the fourth injection no 
more asthma attacks were observed. Phenomena of 
intoxication were not noted. At the end of the cure 
(total quantity of tartar emetic 1500 mgr.) the number 
of leukocytes had decreased to 12,400 per cu. mm., and 
the number of eosinophilic cells to 17%. The sedi- 
mentation rate (Westergren method) changed from 36 
mm. the first hour to 25 mm. the first hour. The total 
serum-protein content was now 8.7% of which albumin 
52.2% and globulin 47.5%. The Takata-Ara reaction 
was positive. From April, 1943, until Dec., 1944, the 


always been a healthy boy and had never been seriously 
ill. The defecation was regular and he had never ob- 
served any diarrhea. The micturition was normal. 

Physical examination: The boy is a strongly built 
lad. On examining the head a lymph node of the size 
of a large bean was palpable under the chin, and was 
easily movable on the deeper layers. The examination 
of the heart and lungs showed nothing particular. On 
examining the abdomen the liver and spleen were not 
palpable. In the sulcus bicipitalis medialis of the right 
arm two big lymph nodes were palpable, one of which 
was of the size of a dove’s egg. The glands were hard, 
movable on the deeper layers and not fused. The re- 
flexes were normal. The lung picture showed, too, 
enlarged shadows in the right hilum. 

Laboratory examinations: The urine contained noth- 
ing abnormal. All examinations of the stools for ova 
and parasites were negative. The Pirquet test gave a 
negative result. The Wasscrmann and Kahn reaction 
for lues were negative. The examination of the periph- 
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eral blood for filaria was negative. The blood pictures 
are united in Table 3. 

Biopsy of one of the lymph nodes in the sulcus bicipi- 
talis medialis was performed by Dr. M. J. Hugenholtz. 
A well-known foreign pathologist had made a diagnosis 
of Hodgkin's disease. Microscopical examination of 
the first biopsy (1938). Of this biopsy only 2 sections 
were available. The biopsy showed lymphoid tissue 
consisting of large follicles with germ centers embedded 
in partly hyalinized connective tissue. The rest of the 
regular stricture of the lymph node could only be recog- 
nized in a few places. 

? In the germ centers peculiar giant cells were found, 
consisting of a conglomerate of 4r-8 fairly large, pale 
staining nuclei with relatively little, basophilic cyto- 
plasm. The lymphoid tissue and the connective tissue 
were infiltrated by enormous numbers of eosinophilic 


ary, 194:1, the patient was once more admitted, as, 
considering the favorable course (the lymph nodes had 
become a little smaller) the diagnosis Hodgkin's disease 
became doubtful. The remaining gland in the sulcus 
bicipitalis was removed. An aspiration biopsy of the 
sternum gave an active bone marrow with a preponder- 
ance of the eosinophils. Skin tests for trichinosis and 
echinococcus were negative as was the complement 
fixation test for trichinosis. At the second microscopic 
examination it became clear that the diagnosis of 
Hodgkin's disease could be abandoned and that here 
too, considering the great histological resemblances, we 
had to deal with a case of microfilaria, although we have 
not succeeded in proving this microscopically. The 
boy still enjoys perfect health. 

Case 4: In this case, in which an automobile accident 
was the cause of death, strong eosinophilia with micro- 


TABLE 3 


Results of Blood Counts in Case 3 


PATE 

HEMO- 

GLOBIN 

CONTENT 

RED CELTS, 
TER CCT. MM. 

WHITE 
CELLS, 
PER CU. 
MM. 

poly- 

morpho- 

nuclear 

NEUTRO- 

PHILS 

NONSEG- 

MENTEB 

NEUTRO- 

PHILS 

i 

EOSINO- I 
PHILS 

! 

i 

BASO- 

PHILS 

LYMPHO- 

CYTES 

MONO- 

NUCLEAR 

LEUKO- 

CYTES 

SEDIMEN- 

TATION 

RATE 


per cent 



per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

mXf 

7/ 9/1938 

80 

4,170,000 

7000 

23 


53 


20 

4 


6/ 6/1939 

i 


2800 

11 

0.2 

39 


44 

4 

tr 


11/27/1939 

i 


3300 

19 


38 

0.1 

37 

A A 

5 


10/ 7/1941 

80 

4,830,000 

3900 

27 

0.1 

21 


44 

/ 

Q 

0 

7/ 9/1943 


l 

2900 

34 


0.9 


49 

1 ® 



leukocytes; there were also several eosinophilic ab- 
scesses. At the edge of one of the eosinophilic infil- 
trates a body of the size and the shape of a microfilaria, 
but without the typical nuclei, was found; it was partly 
surrounded by a very narrow rim of a homogenous, 
apparently necrotic, substance. Its nature could not 
be ascertained. 

Second biopsy (1941). This biopsy showed a lymph 
node, the medulla of which had been almost completely 
replaced by connective tissue. The lymphoid tissue 
showed large follicles, sometimes containing well devel- 
oped germ centers and partially surrounded by lym- 
phatic sinus with a reticulum. The germ centers con- 
tained reticulum cells, histiocytes, lymphocytes and 
manv giant cells of the type described in biopsy No 1. 
However, in the second biopsy the giant cells were often 
larger- they often contained up to 20 closely packed, 
fairly large, pale nuclei 

SrU.aU^i.ola.cdsinpsofsia.s.sP Uo„« 

their typical reticulum, were found. Onlj in a lew 
places "there were small accumulations of eosinophilic 
leukocytes Microfilaria could not be found. . 

The patient was treated with Liquor Fowler,. 
His general condition remained stationary. In Janu 


filaria were found on the microscopical examination o 
the enlarged spleen. In the liver, too, and in the gastric 
wall there was eosinophilia so that we may accept that 
a blood eosinophilia had also existed. From the parents 
we learned that the boy (7 years of age and bom in 
Curacao) had been troubled by bronchitis the last few 
months, any time he had a cold, and when this was the 
case he had asthmatic attacks during the night. In 
May, 1944, they had consulted a doctor for the first 
time as he did not want to eat any more and once in a 
while he complained of pain in the abdomen. . n ex 
animation on the 26th of May, 1944, an anemia was 
found to exist (Hb. 54%). Examination of the feces 
for amebae, amebic cysts, and helminthic ova was 
negative. Further investigation was not possible. An 
examination of the members of the family gave a leu- 
kocytosis with strong eosinophilia (see Table 4), which 
cannot be accounted for by the negative result of the 
feces examination on ova and parasites. The blood 
examination for filaria was negative. It is quite possi- 
ble that these members of the family are also in ccte 
by filaria, whereas the leukocytosis with eosinophilia 
and the anemia also indicate that the same pathological 
picture is going to develop here. The serologica reac- 
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tions for lues in the mother were negative; also in the 
deceased boy no signs of lues were found at the autopsy. 

We are indebted to the staff of the Medical Depart- 
ment of the Shell Refinery for this information. 

Case 4: Autopsy. At autopsy the spleen was en- 
larged, weighing 60 gram (normal weight for a Curacao 
boy of this age plus minus 40 gram). The capsule of 
the spleen showed many greyish-red, sometimes slightly 
elevated, spots and numerous hardly visible, villous 
excrescences. On the cut surface the capsule appeared 
to be thickened, the greyish-red tissue extending here 
and there a few millimeters into the pulp; it could be 
easily distinguished from the thin trabeculae. The 
liver weighed 730 grams; the gastric mucosa showed 
many distinct follicles. 


3. Mesenteric lymph node. Isolated eosinophilic 
leukocy tes occurred throughout the node. In one place 
there was admail nodule composed of swollen reticulum 
cells and eosinophilic leukocytes. No microfilaria were 
found. 

4. Gastric Mucosa: There were many follicles scat- 
tered throughout the mucous membrane but especially 
at the bases of die glands diere were many eosinophilic 
leukocytes. 

COMMENT' 

The microscopical examination of the material 
from Case 4 shows an almost complete conformity 
with the case of Bonne (12). In Case 4 the spleen 
was enlarged and the filaria were only found in the 


TABLE 4 


Results of Blood Counts in the Members of the Family of Case 4 



DATE 

HEMO- 

GLOBIN 

CONTENT 

RED CELLS, 
PEE CU. MM. 

WHITE 

CELLS, 

PER 

CU. MM. 

POLY- 

MORPHO- 

NUCLEAR 

NEUTRO- 

PHILS 

NONSEG- 

MENTED 

NEUTRO- 

PHILS 

EOSINO- 

PHILS 

BASO- 

PHILS 

LYMPHO- 

CYTES 

MONO- 

NUCLEAR 

LEUKO- 

CYTES 

SEDI- 

MENTA- 

TION 

RATE 



per cent 



Per cent 

Per cent 

per cent 

Per cent 

per cent 

per cent 

mlf 

M. L. 

7/31/1944 

80 

4,900,000 

17700 

55 

0.3 

0.4 


30 

8 

• 

E. L. 

7/31/1944 

67 

4,930,000 

13500 

51 

0.4 

15 

i 

26 

4 



8/14/1944 

58 


11900 

51 

0.1 

11 

0.1 

34 

2 

12 

S. L. 

7/29/1944 

58 

4,870,000 

17000 

55 

0.3 

12 

0.1 

22 

7 



8/14/1944 

64 


18200 

42 


10 . 


47 

1 

0.2 


Microscopical examination: 1. Spleeii: The capsule 
was 'thickened and in some places infiltrated by a few 
eosinophilic leukocytes and by lymphocytes. The 
minute excrescences consisted of loose connective tissue, 
covered by mesothelium, and sometimes infiltrated by 
eosinophilic leukocytes. The subcap sular pulp showed 
an increase of the connective tissue, which formed 
loosely arranged, broad bundles which anastomosed 
with each other. 

Only a few sinuses could be recognized. Eosinophilic 
leukocytes occurred here in very great numbers. They 
were either scattered throughout the sub capsular pulp 
or were lying together as dense, more or less rounded 
infiltrates. Real eosinophilic abscesses were not seen. 
In the more dense infiltrates the esosinophilic leuko- 
cytes were often associated with cells resembling epithe- 
loid cells and with small atypical giant cells, which 
consisted of a conglomerate of nuclei with very little 
cytoplasm. In several of these infiltrates microfilaria 
were found. 

The rest of the splenic tissue showed nothing abnor- 
mal. However, the number of eosinophilic leukocytes 
found here, though not so high as in the subcapsular 
pulp, was markedly elevated. 

2. Liver: The sinusoids of the liver contained little 
blood and few leukocytes. The majority of them were 
eosinophilic leukocytes. 


subcapsular pulp, whereas in Bonne’s case the 
spleen was too small and the changes occurred 
throughout the whole organ. In our case the 
hypereosinophilia was also found in other organs 
'and the blood in the sinusoids of the liver contained 
an increased number of eosinophilic leukocytes; it 
is therefore probable that hypereosinophilia of the 
blood existed just as in the other members of the 
family of the patient. The spleen in this case also 
shows a certain resemblance to the cases of 
Dhayagude and Amin (13) ; in their cases the lesions 
of the spleen were localized and slightly elevated 
spots were noted in the capsule. However, the 
lesions were larger and the eosinophilia much less 
pronounced. In our Case 4 the same atypical 
giant cells were found as in the cases of Bonne and 
of Dhayagude and Amin. 

As regards Case 3, only a few sections had been 
examined in 193S. We could not reach a diagnosis 
and at that time there were no facilities for the 
production of serial sections. On the authority of 
a well known foreign pathologist, who visited our 
1 laboratory, Hodgkin’s disease was assumed, which 
diagnosis had to be rejected later on, as the clinical 
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course was not consistent with it. At the time of 
the second biopsy there was too much fibrosis to 
expect much success in the search for microfilaria 
winch were not found, though a great number of 
blocks and sections was examined. The fibrosis, 
which was already present at the lime of the first 
biopsy, later dominated the histological picture. 

The atypical giant cells found in this ease deserve 
special attention. In the eases of Bonne and of 
Dhavagude and Amin and in our Case 4, they were 
present associated with the microfilaria. How- 
ever, in Case 3, they were found in great numbers 
in theabscenceof microfilaria, or, if the microfilaria 
had been present in the first biopsy, not in close 
contact with the worms. Perhaps microfilaria 
would have been found in this case if serial sections 
had been made of material from the first biopsy. 

Case 2 is especially important from the morpho- 
logical point of view. Local myeloid metaplasia 
in peripheral lymph nodes, as the axillary and 
supraclavicular lymph nodes, has only rarely been 
found. Lang (14) (in Downey’s Handbook) men- 
tions the eases of Aschoff (myeloid metaplasia of 
the axillary lymph nodes of a healthy man) and 
Roller (myeloid transformation of the supraclavic- 
ular nodes within the obstruction area of throm- 
bosed subclavian and innominate veins). Our 
Case 2 proves that in cases of high eosinophilia the 
eosinophilic leukocytes need not originate exclu- 
sively from the bone marrow’ but can also be formed 
in other places, e.g. peripheral lymph glands, 
though the process of hemopoiesis is typical and 
homoplastic and no eosinophilic leukocytes are- 
formed directly by the transformation of connec- 
tive tissue cells, as is sometimes erronously as- 
sumed. 

Case 1 is completely identical with the cases of 
Meyers and Kouwenaar. Macroscopicaliy the 
minute yellow abscesses were visible in the nodes. 
In the eosinophilic abscesses and infiltrates micro- 
filaria were found. We believe that apart from 
the changes in the preexisting nodes, caused by in- 
filtration and fibrosis, new lymphoid tissue had 
also been formed. 

The ages of the 4 patients were 7, 17, 33 and 48 
years, respectively, and age does not seem to have 
had any influence. 

The clinical picture is characterized by lack of 
appetite, more or less pronounced emaciation, light 
“secondary” anemia; sometimes slight elevation of 
temperature and tenacious nightly attacks of 
coughing coupled with attacks of asthma. 

We did not succeed in changing the periodicity 


of these attacks. In the muco-purulent sputa, 
which did not have a metallic taste, many eosino- 
philic leukocytes were found. The x-ray pictures 
in Cases 1 and 2 were identical; increased lung 
markings with miliary foci diffusely distributed in 
the different lobes; they did not present the density 
of the nodules in miliary tuberculosis. The pe- 
ripheral lymph glands were enlarged. The spleen 
was enlarged in 3 out of 4 cases. The basal meta- 
bolic rate was normal. 

The globulin content of the serum-protein 
was increased. Persistent hyperleukocytosis was 
twice observed; the numbers varying between 
16,000 and 41,000 per cu. mm. The eosinophilic 
leukocytes were all of tire mature type. No worms, 
worm-eggs or other parasites were found in the 
sputum. The clinical picture corresponds vrith the 
descriptions from British-India by Weingarten 
(11) (81 cases), Treu (15), Vaidya (16) and Emer- 
son (17). 

Weingarten has given the name of “Tropical 
Eosinophilia” to this syndrome. As far as we 
could ascertain no mention is made of enlargement 
of peripheral lymph glands. 

The patient of Emerson was first operated for a 
liver abscess. The amebiasis as etiologic factor 
cannot be excluded in this case, the more so as 
Stcfano (18), Hoff and Hicks (19) have already 
reported the occurrence of transitory pulmonary 
infiltrations, accompanied by attacks of asthma, 
associated with amebiasis. 

The cases of Valledor et al. from Habana and 
of Bass from the United States (one of the children 
came from Puerto Rico in the West-Indies) prob- 
ably belong to the same category. The histologi- 
cal findings of Valledor resemble these of our cases. 

The cases present great diagnostic difficulties. 
Many patients are sent to a specialist with the 
diagnosis of asthma, so that in regions where filari- 
asis does occur, this diagnosis must be considered 
with suspicion. A diagnosis of Hodgkin’s disease, 
in which enlargement of peripheral lymph glands 
can be combined with hypereosinophilia (adenie 
prurigene eosinophilique of the French authors) 
can be excluded by histological examination of an 
excised lymph gland and by the observation of the 
clinical course. Without a biopsy the differential 
diagnosis can be very difficult. It should not be 
forgotten that even the histological diagnosis may 
offer great difficulties (Major and Leger) (20). . 

In Case 2 eosinophilic leukemia could be ex- 
cluded easily. In Loeffler’s syndrome the principal 
symptom, the infiltration of the lungs, is of a more 
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Whether hctcrophile agglutinins and cold auto- 
hemagglutinins develop in diseases such as schisto- 
somiasis, filariasis, malaria and leprosy, is of 
practical and theoretical interest Ilctcrophile 
agglutinin determinations assumed practical clini- 
cal significance following the discovery by David- 
sohn (1) of elevated titers in scrum sickness and 
the Sliding of derated titers in infections mono- 
nuclcosis by Taul and Bunnell (2). In infectious 
mononucleosis the determination is an accepted 
diagnostic procedure. More recently, elevated 
sheep-cell agglutinin titers have been reported in 
various bacterial diseases, in measles, filariasis, 
and in patients treated with parenteral liver (3-5). 
At the present time when the armed forces arc of 
necessity exposed to the so-called tropical diseases, 
the possible occurrence of sheep-cell agglutinins 
in titers of clinical significance in filariasis and other 
parasitic diseases becomes important. 

Ilctcrophile antigens have been shown to be 
present in numerous bacteria, in higher plants, and 
in various animal species. The presence of such 
antigens in helminth parasites has only recently 
received attention. Mauss (6) studied rabbits 
infected with the nematode, Tricliindla spiralis 
and demonstrated that rabbit serum which con- 
tained anti-trichinella antibody lysed sheep cells 
and that the hemolysin was absorbed by guinea- 
pig kidney emulsion. However, Rose (7) was 
unable to demonstrate significantly elevated titers 
of sheep-cell agglutinins and hemolysins in the 
serums from 17 human eases of trichinosis and 
from two experimentally infected rabbits. In 
the present study, search was made for evidence 
indicating that the nematode, Witcher cria ban - 
crofli, and the trematode, Schistosoma mansoni , 
contain a heterophile antigen. 

Recently Peterson et al. (8) and Turner (9) 
independently reported the occurrence of cold 
autohemagglutinins in high titer in certain cases of 
primary atypical pneumonia of unknown etiology. 

1 Major, M.C. 

2 Captain, M.C. 


This finding has been confirmed by other workers 
(10) and may prove to be extremely useful as an 
aid in the sub-division of that part of the pneu- 
monia complex for which no specific etiological 
agent has yet been established. Shone and 
Bassmore (11) reported the presence of autohemag- 
glutination in cases of pneumonitis and in addition 
noted that eases of chronic malaria and pulmonary 
tuberculosis frequently showed this phenomenon. 
In as much as African trypanosomiasis is the only 
Other disease in which cold autohemagglutinins are 
known to occur consistently (12), a search for their 
presence in other parasitic diseases is indicated. 
For a general review of the subject of cold hemag- 
glutination reference should be made to the recent 
publication by Stats and Wasserman (13). 

I. methods 

Venous blood specimens were collected in tubes 
Containing sodium citrate. The majority of the 
Specimens were kept at room temperature (27- 
33°C.) and were examined within 24 hours. A 
few specimens were examined 48 to 72 hours after 
being collected; these were stored in a refrigerator 
*Lt 5°C. until used. 

A. Heterophile agglutinins: The following tech- 
nique, which is essentially the same as that used 
by Paul and Bunnell (2), was employed. Plasma 
Was removed after centrifugation and inactivated 
for 20 minutes at 56°C. Starting with a plasma 
dilution of 1 :4, serial doubling dilutions were ma,de 
in Kahn tubes containing 0.5 ml. of normal saline 
Solution. To each tube was added 0.5 ml. of a 
2% suspension of thrice washed sheep red cells, 
followed by 1 ml. of saline solution. This gave a‘ 
final concentration of 0.5% sheep cells in a total 
volume of 2.0 ml. with final plasma dilutions of 
1:16, 1:32, 1:64, etc. The tubes were shaken, 
iftcubated for 1 hour at 37°C., and then placed in a 
refrigerator overnight at 5°C. On removal from 
the refrigerator, each tube was quickly inverted 
three times and examined for agglutination of the 
cells. The highest dilution of plasma showing 
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macroscopic agglutination was considered to be 
the end point. 

B. Cold aulohcmagglutinim: In testing for cold 
autohemagglutinins, the patient’s cells were used 
with serial dilutions of the patient’s plasma accord- 
ing to the following technique. The specimens of 
citrated blood were incubated for one hour at 37°C. 
(if specimens had been refrigerated, the incubation 
period was at least three hours). Plasma and cells 
were separated by centrifugation. A 1% sus- 
pension of washed erythrocytes was made in 
normal saline. Starting with a plasma dilution of 
1:5, serial doubling dilutions were made in Kahn 
tubes containing 0.5 ml. of normal saline. Then 
0.5 ml. of the suspension of the patient’s cells was 
added, the tubes shaken, and placed in the refriger- 
ator overnight at 5°C. This method gave a final 
concentration of 0.5% patient’s cells in a total 
volume of 1 ml., with plasma dilutions of 1:10, 
1 :20, 1 :40, etc. On removal from the refrigerator, 
each tube was inverted three times and the titer 
read as in the heteropbile antibody tests. If 
positive, the tubes were reincubated for 1 hour at 
37°C. and then reread. 

n, HETEROPBILE AGGLUTININS: MATERIALS AND 
RESULTS 

A. Control group: Heteropbile agglutinin titers 
were detenhined on 273 Kahn-positive routine 
serums submitted to the Antilles Department 
Medical Laboratory. Of these, 74 were from con- 
tinental soldiers (soldiers from the United States 
stationed in Puerto Rico) and 199 were from in- 
sular (Puerto Rican) troops. Certain of the 
serums were stored in the refrigerator for periods 
up to seven days before being examined. The 
results are summarized in table 1. (Note: In 
table 1 and figure 1 the “0” group includes possible 
titers up to 1 : 16, in as much as a 1 :16 dilution of 
plasma was the lowest tested.) The Kahn-posi- 
tive specimens are termed the “control” group, 
but it should be noted that serum specimens in- 
stead of plasma specimens were used and therefore 
the results may not be directly comparable. Abo 
it is quite probable that the serums tested in the 
insular group included some from individuab with 
sub-clinical cases of schistosomiasb and filariasis 
since recent studies have shown that approximately 
10% of the local registrants for Selective Service 
have schistosome ova in their stoob (14) and in 
approximately 2.5% circulating microfilariae have 
been demonstrated (15). 


B. Schistosomiasis: The material examined con- 
sisted of blood specimens from three groups of 
cases of schistosomiasis and from a small group of 
experimentally infected animals. The first group 
was composed of specimens from 108 Puerto Rican 
Selective Service registrants who were found to 
have ova of Schistosoma mansoni in their stoob 

TABLE 1 


Eetcrophilc Agglutinin Titers 


TVPE OP CASE 

NUM- 

BER 

NU1£B£E SHOWING TITEE 

or 

CASES 

0* 

UH 

i U32 

1:64 

1:123 

Control group 

Continental 

74 

63 

8 

2 

1 

0 

Insular 

199 

130 

42 

19 

4 

4 

Schistosomiasis 

Subclinical cases — regb- 
trants 

108 

89 

11 

7 

1 

0 

Hospital cases i 

5 ! 

0 

1 

1 

3 

0 

Ambulatory cases 

10 j 

5 

1 

2 

1 

1 

Filariasis 

Subciimcal cases — regis- 
trants 

101 

65 

[15 ! 

9 

12 1 

0 

Clinical cases with micro- 
filariae 

I 3 

1 2 

j 0 

0 

1 

0 

Lymphangitis; no micro- 
filariae 

i 8 

1 

4 

1 

1 

1 

Malaria 

Vivax: Primary 

17 

10 

i 

3 

3 

1 

0 

Vivax: Reinfection or 
relapse 

16 

11 

2 

2 

1 

1 0 

Falciparum: Primary. . . 

1 4 

1 4 

l 0 

0 

0 

0 

1 

Falciparum: Reinfection 
or relapse 

3 

2 

1 

0 

i 

0 

0 

Leprosy 

Lepromatous 

11 

5 

0 

2 

2 

2 

Neural 

7 | 

4 

0 , 

1 

0 

2 


* Figures in the column headed “O n in tables 1 and 
2 indicate the number of specimens showing no agglu- 
tination in the dilutions tested. 


(14). The registrants had passed their final army 
physical examination and had what might be 
termed “subclinical infections,” although some of 
the fecal specimens contained large numbers of ova. 
A second group consisted of five cases of schisto- 
somiasb on the wards of the University Hospital 
of the School of Tropical Medicine; these had 
splenomegaly and hepatomegaly, and two showed 
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marked ascites. The third group consisted of usually examined the same day the rabbits were 

ten ambulatory' patients with stools positive for bled using the technique outlined above; however, 

schistosome ova. These patients were receiving the initial dilution was 1:8, instead of 1:16. All 

fuadin treatment at the same hospital. The re- of the specimens were negative for sheep-cell 

suits of these examinations are summarized in agglutinins. 

teWc 1, C. Filariasis: Three groups of patients were 

Search was made for shecp-ccll agglutinins in a studied. Of these, 101 specimens were from 

small group of experimentally infected rabbits Puerto Rican registrants for Selective Service who 

(16). Six adult rabbits were each exposed to water had been found to have circulating microfilariae 


PERCENTAGE DISTRIBUTION OF 
HETEROPHILE AGGLUTININ TITERS 



TITERS 

Fig. 1. Percentage Distribution of Heterophile Agglutinin Titers 

containing approximately 5,000 cercariae of S . (15). These registrants had passed their final 

mansoni for a period of one hour by partially sub- army physical examination and were considered 
merging them in bell jars; control serums collected to have a subclinical Wtichcreria bancrofti infection, 
from each rabbit at this time showed no sheep-cell Three patients on the wards of the University 
agglutinins. The rabbits were bled on the 9th, Hospital of the School of Tropical Medicine in 
17th, 25th, 35th, and 50th days after exposure, whom circulating microfilariae had been demon- 
One rabbit died on the 45th day of the experiment strated and who showed one or more manifestations 
and autopsy revealed developing schistosomes, of filariasis, including chyluria, hydrocele, and 
The remaining animals were sacrificed on the 50th femoral lymph varicoceles, were examined. A 
day and four of the five had schistosomes in the third group of 8 individuals was studied in the 
liver and mesenteric vessels. The serums were filariasis clinic of the same hospital; this group 



100 


GUSTAVE J. DAMRON AND THOMAS H. WELLER 


of patients gave a history of repeated attacks of 
lymphangitis and several had marked elephantia- 
sis, but in none had microfilariae been found and 
the group is therefore not classed with the other 
filariasis cases. The findings are summarized in 
table 1. 

To determine the"effect of prolonged refrigera- 
tion at 5°C. the twelve specimens of plasma from 
registrants that had a sheep-cell agglutinin titer of 
1:64 were re-examined after being stored for five 
months. One showed a titer of 1 : 128, three had a 
titer of 1 :64, three had a titer of 1 :32, two of 1 : 16, 
and three were negative. 

D. Malaria: Forty cases of malaria at the Sta- 
tion Hospital, San Juan, Puerto Rico, were in- 
vestigated. In this group of cases the blood was 
obtained shortly after admission and before 
therapy had been instituted. Table 1 summarizes ' 
the type of infection and the titers of sheep-cell 
agglutinins obtained. 

A second group, composed of twelve cases, was 
bled on the day after each patient had completed a 
course of quinine sulfate treatment (10.8 grams 
distributed over a period of 9 days). Of the 
twelve specimens, five showed no agglutinins, four 
had a titer of 1:32, and three a titer of 1:64. 
In nine of these cases control bloods were taken 
before therapy was started. Six of the cases had 
the same titer before quinine treatment as they 
had after treatment; two cases showed a rise in 
Titer from 1 : 16 to 1 :32 and one case rose from 1 : 16 
to 1:64. 

E. Leprosy: Eighteen lepers were studied at the 
Insular Leper Colony, Trujillo Alto, Puerto Rico. 
The cases are grouped as to the predominant type 
of leprosy and the heterophile agglutinin titers 
obtained in these groups are presented in table 1. 
Certain of the patients had received therapeutic 
diphtheria toxin or toxoid within the preceding 
twelve months. Of those receiving this treatment, 

7 showed no agglutinins, and two each showed 
titers of 1 :32, 1 :64, and 1 : 128. In the untreated 
group, two were negative, one had a titer of 1:32, 
and two a titer of 1:128. 

To determine the effect of storage at 5°C. on the 
heterophile agglutinin titer, three of the four 
plasma specimens which had a titer of 1:128 were 
re-examined after being stored for 21 days. They 
showed a fall in titer to 1:16, 1:32, and 1:64 
respectively. The titer of the fourth specimen on 
re-examination after being stored 15 days was 
unchanged. 


Rubino (17) noted that serum from lepers would 
cause an “agglutino-sedimentation” of formalized 
sheep erythrocytes; this reaction was considered 
to be specific for leprosy. Other authors (18) 
have confirmed his findings. Rubino's final 
modification of the method included an absorption 
with fresh sheep cells to remove hetero-agglutinins. 
However, this work suggested that it would be of 
interest to determine if serums with elevated 
heterophile agglutinin titers from various diseases, 
would agglutinate normal and formalized sheep 
cells in the same dilutions. Sheep cells were fixed 
in a final concentration of 10% formalin and then 
washed as described by Rubino. Heterophile 
agglutinin tests and a duplicate series of tests in 
which formalized sheep cells were substituted for 
fresh sheep cells, were then set up with serum or 
plasma from cases of leprosy, filariasis, schisto- 
somiasis, malaria, and infectious mononucleosis. 
The fresh sheep ceil series showed the following 
titers: four leprosy plasma specimens, titers 1 : 128, 
1:64, 1:32, and 1:16; one filariasis plasma, titer 
1:64; two schistosomiasis plasma specimens, titers 
1:128, and 1:64; two malaria plasma specimens, 
titers 1:64 and 1:16; four infectious mononucleosis 
serums, titers 1:1024, 1:512, and two specimens, 
1:256. In none of the serums or plasma speci- 
mens set up with formalized sheep cells was any 
agglutination apparent. 

HI. COLD AUIOHEMAGGLUTININS: MATERIALS AND 
RESULTS 

A search was made for cold autohemagglutinins 
in cases of schistosomiasis, filariasis, malaria, and 
leprosy utilizing the same blood specimens as were 
used in the heterophile agglutinin study; however, 
no control group was run. In the great majority 
of specimens no cold autohemagglutinins could be 
demonstrated. The results are summarized in 
table 2. (Note: In table 2, the “0” group 
includes possible titers up to 1 : 10, in as much as a 
1:10 dilution of plasma was the lowest tested). 

IV. DISCUSSION 

For comparison, the percentage distribution of 
the heterophile agglutinin titers obtained in the 
control groups, and in the proven cases of schisto- 
somiasis, filariasis, and malaria is summarized in 
figure 1. In none of the patients studied were 
high heterophile agglutinin titers obtained, and the 
data indicate that heterophile antibody titers of 
clinical significance are not frequent in schisto- 
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somiasis, filariasis, and malaria. In a group of 
malaria cases, quinine treatment produced no 
significant increase in titer. Four of 18 specimens 
from lepers had a heterophile agglutinin titer of 
1:128; because of the small number of specimens 
examined no conclusions can be drawn as to the 
significance of this finding. It is of interest that 
the continental group showed a lower titer of 


TABLE 2 

Cold Aiitohemagghilinin Titers 


TYPE OF CASE 

NUM- 

BER 

NUMBER SHOWING TITER 

OF 

CASES 

0* 

1:10 

1:20 

1:40 

1:80 

Schistosomiasis 

Subclinical cases — regis- 
trants 

• 

108 

104 

i 

i 

2 

0 

1 

Hospital cases 

5 

5 

0 

0 

0 

0 

Ambulatory cases 

10 

10 

0 

0 

0 

0 

Filariasis 

^Subclinical cases — regis- ! 
trants i 

101 

98 

1 

0 

2 

0 

Clinical cases with micro- 
filariae 

3 

3 

0 

0 

0 

0 

Lymphangitis; no micro- 
filariae 

8 

8 

0 

0 

0 

0 

Malaria 

Vivax: Primary 

17 

15 

2 

0 

0 

0 

Vivax: Reinfection or 
relapse 

16 

14 

0 

0 

2 

0 

Falciparum: Primary. . . 

4 

4 

0 

0 

0 

0 

Falciparum: Reinfection 
or relapse 

3 

3 

0 

0 

0 

0 

Leprosy 

Lepromatous 

11 

8 

2 

1 

0 

0 

Neural 

7 

7 

o 

0 

0 

0 


* Figures in the column headed <c O” in tables 1 and 
2 indicate the .number of specimens showing no agglu- 
tination in the dilutions tested. J 


sheep-cell agglutinins than did the other groups, 
which were composed almost exclusively of insular 
personnel. 

The non-identity of the sheep-cell agglutinins 
normally present in human serums, in serum sick- 
ness, and in infectious mononucleosis is generally 
accepted and differential absorption tests are in 
use clinically. In infectious mononucleosis, the 
agglutinin titer remains unchanged in serum stored 
at icebox temperatures (4, 19). The fact that 


some types of heterophile agglutinins are labile 
at 5°C. 'does not appear to be generally known. 
Bomstein (3) described a case of Escherichia coll 
bacteremia which developed a high heterophile 
antibody titer, and demonstrated that the strain 
of E. coli contained a heterophile antigen; the 
heterophile antibody titer in his case diminished 
during storage in the icebox. A similar fall in titer 
was noted in the present study in certain of the 
filariasis and leprosy bloods. Serums from four 
cases of infectious mononucleosis diagnosed locally 
showed no change in titer on storage for periods 
up to eight weeks. 

From the results obtained no conclusions may be 
reached as to whether W . hancrofii and S. tnamoni 
contain a heterophile antigen which at some stage 
in the disease process might produce significant 
antibody titers. It is possible that a titer of 1 :64 
in the 13 filariasis plasma specimens might repre- 
sent such a stage of activity. Rabbits experimen- 
tally infected with S. mansoni showed no hetero- 
phile agglutinins. 

It was noted that formalized sheep cells were not 
agglutinated by serums which agglutinated normal 
sheep cells in high dilution. 

Cold autohemagglutinins were not demonstrated 
consistently in any of the diseases studied. This 
finding does not necessarily conflict with the report 
of Shone and Passmore (11) in as much as they 
worked with undiluted serum specimens and in the 
present study the initial dilution of plasma was 
1 : 10 . 

V. SUMMARY 

Heterophile agglutinin and cold autohemag- 
glutinin titers w^ere determined in 123 cases of 
schistosomiasis, 104 cases of filariasis, 40 untreated 
cases of malaria, and 18 cases of leprosy. In 
schistosomiasis, 4.9% had heterophile agglutinin 
titers over 1 : 32, in filariasis 13% had titers above 
1 :32, and of the malaria cases 5% had titers above 
1:32; in no case was the titer higher than 1:128. 
In the small group of blood specimens from lepers, 
four showed a heterophile agglutinin titer of 1 : 128. 
Of twelve quinine-treated malaria cases, nine had a 
titer of 1:32 or lower, and three, a titer of 1:64. 

Of the above group of 2S5 blood specimens, cold 
autohemagglutinins in a titer of 1:10 or higher 
could not be demonstrated in 279 or 97%. The 
few positive specimens showed no particular dis- 
tribution and the highest titer noted was 1:S0. 
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Most of the compounds which have shown any 
promise in the treatment of filariasis and some 
other parasitic diseases of man have been deriva- 
tives of antimony. Dogs infected with the heart- 
worm, Dirofilaria immitis , and cotton rats infected 
with Litomosoides carinii, a nematode found in the 
pleural cavity, have been used in experiments to 
develop new chemotherapeutic agents for filariasis. 
Although useful to a certain extent, experiments 
of this sort have the serious limitation of failing 
to indicate the therapeutic value that may be 
expected in the treatment of infections in which the 
adult filariids are located in the lymphoid or 
dermal tissues, as is the case with Wuchcrcria 
bancrofii and Onchocerca volvulus infections in 
man. Since previously untested antimony com- 
pounds may prove of value in these and other 
parasitic infections, a reliable method of determin- 
ing the distribution of antimony in the tissues 
would be of value in the further screening of 
compounds as well as in indicating the mechanism 
of toxic action. 

The chemical determination of small amounts 
of antimony in body tissues and fluids has been 
generally unsatisfactoiy although a number of 
investigators have been able to measure the 
antimony content of metabolites with reasonable 
accuracy following treatment with antimonials. 
A review of these investigations has been presented 
by Goodwin and Page (1). The latter authors 
(1, 2) investigated the metabolism of antimony by 
the use of a polarograph and were able to deter- 
mine the rates of excretion for a number of trivalent 
and pentavalent antimony compounds and to 
measure the antimony content of blood for a period 
of three hours after the injection. These workers 
also demonstrated the presence of trivalent anti- 

1 Read at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, St. Louis, Mo., 
November 13-16, 1944. 


mony in the liver of the rabbit and rat after treat- 
ment with pentavalent antimony compounds. 

With the aid of Doctor Roy Hertz of the Division 
of Physiology, we attempted to find a method for 
the biological assay of antimony by adding known 
amounts of antimony compounds to cultures of 
Lactobacillus arabinosus and Saccharomyccs ccrc - 
visac to determine if small quantities of this 
element would inhibit the growth of these organ- 
isms. It was found that amounts of antimony 
added as anthiomaline in quantities up to 0.5 
mgm. of antimony per culture exhibited no inhibi- 
tory effects on growth. 

Experiments were next conducted to determine 
the possibility of the use of spectrographic analysis 
for quantitative estimation of antimony in the 
blood. This method did not have the required 
sensitivity because of the interference arising from 
the iron in the blood. Serum examinations obvi- 
ated the above difficulty but left doubts as to 
whether all of the antimony was being determined. 
Even this method was not accurate when the anti- 
mony level was below 5 micrograms per milliliter. 

It appeared that an extremely delicate method 
would be required in order to determine the blood 
and tissue distribution of antimony compounds. 
Compounds synthesized with radioactive antimony 
were then used to follow the fate of antimony in the 
animal body since this method appeared to offer 
most promise of any available at the present 
time. 

Within the last few years, the use of artificially 
produced radioactive compounds has been increas- 
ing in experimental biology. Radioactive isotopes 
of an element have the same chemical properties 
as the stable isotopes of that element. Ihc 
physical properties arc changed, however, in such a 
manner that extremely minute amounts can be 
detected. This has led to the use of radioactive 
substances in physiologic work \\ here such rr.nlvr.il 
103 
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can be administered and its course, in the body 
followed. In addition to accurate quantitative 
detection, another technique is available for such 
studies wherein thin tissue sections are mounted on 
photographic plates, the radioactive material^pro- 
ducing exposure of adjacent areas of the plates, 
thus demonstrating the particular part of an organ 
containing the compound. Radioactivity may 
cause injury to tissues but no appreciable physio- 
logic effect is ordinarily produced with the intensi- 
ties required for tracing. 

McCoy and Downing (4) and McCoy, Downing, 
and VanVoorhis (5) were the first to use radioactive 
tracers in parasitology. They were able to demon- 
strate-by the use of radioactive phosphorus that 
Trichinella spiralis larvae in the encysted stage 
exchange ions with the host through the cyst wall 
and therefore probably carry on active metabolism. 

EXPERIMENTAL PROCEDURE 

Radioactive antimony was prepared by the 
bombardment of antimony with deuterons in the 
cyclotron of the Carnegie Institution of Washing- 
ton. The radioactive antimony was chemically 
separated from other elements of the target and 
was recovered as nearly pure antimony trioxide. 
The spectroscopic examination of this purified 
product showed only traces of other metals. The 
antimony trioxide was then synthesized into the 
desired compound for the injection of animals. In 
these experiments, tartar emetic and sodium anti- 
monyl xylitol were prepared by methods described 
elsewhere (3). Solutions of tartar emetic and so- 
dium antimonyl xylitol containing 10 mgm. of 
antimony per milliliter were prepared for adminis- 
tration. The antimony trioxide was administered 
as an aqueous suspension. 

The degree of radioactivity of the compounds 
and tissues was determined by means of Geiger- 
Mueller counters with scaling circuits and by use 
of the ionization chamber. 

Dogs naturally infected with the heart worm, 
Dirofilaria immitis , were used throughout these 
experiments. The compound containing radio- 
active antimony was injected intravenously and 
blood samples were taken at intervals of 15, 30, and 
45 minutes, and 1, 2, 4, 8, 16, 24, and 36 hours. 
To these blood samples dry sodium citrate was 
added in the proportion of 10 mgm. per milliliter. 
During the 36 hours after injection, the urine was 
collected at each 6 hour interval. At the end of 36 
hours, the dogs were sacrificed by electrocution or 


by the intravenous injection of sodium pentabarbi- 
tol. The animals were then autopsied, the residual 
urine in the bladder collected, and samples of tissues 
were removed and placed in weighing dishes and 
covered. 

Tissues were weighed quickly after their removal, 
placed in a desiccator containing phosphorus 
pentoxide, and kept under reduced pressure by 
means of a vacuum pump. After 16 hours of dry- 
ing, the tissues were reweighed and the amount of 
weight loss determined. 

Determinations of the antimony content of the 
tissues of the dogs injected with the radioactive 
antimony compounds were made by measuring the 
number of disintegrations per second per gram of 
tissue and comparing this with a known standard. 
This standard was made by adding to a sample of 
normal blood a known amount of radioactive anti- 
mony. Comparison of results obtained from such 
blood standards and standards prepared from 
aqueous solutions of the radioactive compounds 
showed that in the range of 0.25 to 40 micrograms 
of antimony the maximum deviation was ± 3 per 
cent with an average deviation of 1 per cent. 

RESULTS OT DETERMINATIONS 

Each of four infected dogs was treated with 0.8 
mgm. of antimony per kilogram of body weight 
injected in the form of tartar emetic. The average 
rate of disappearance of the antimony from the 
blood is shown in figure 1. It will be noted that 
the antimony content is expressed in micrograms 
per gram of blood. The figure shows that the 
antimony left the blood at a decreasing rate and 
most of it had left the blood within a few hours. 

A slight secondary rise of the blood level was found 
in three of the four dogs in the 24 and 36 hour speci- 
mens. This rise may be due to excretion of anti- 
mony in the bile with subsequent reabsorption 
through the intestine. 

Of the four dogs receiving tartar emetic, 22, 15, 

6, and 7 tissues, respectively, were examined for 
their antimony content. The average results of 
these examinations are presented in figure 2. The 
results are plotted on a logarithmic scale because of 
the range of the observations. The liver invariably 
contained the greatest amount of antimony, the 
average being 10.7 micrograms of antimony per 
gram with a range of 9.1 to 14.2. Next in anti- 
mony content were the thyroid and parathyroid 
which together contained one-third as much anti- 
mony per gram as did the liver, the average being 
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3.8 intcroyrams of antimony with a range of 2,8 to 
•I.S. The adult Dirof.Utiii innuts r recover* d fmrn 
the clops contained about onc-^rwcith and the 
kidney cortex one-tenth an much n*» the concentra- 
tion in the liver. The figure li* t * a number of other 
ti* sties who'C antimony content v.m*, ♦,/> low that no 
appreciable concentration n,*ts indicated. 

It is to be noted that lymph node . which in man 
are the Mb* of predilection for Wuch^urln adults 
and the dermis which is the site of predilection for 
Oneh?:acn adults apparently did not nhow a spe- 
cific affinity for the antimony of tartar emetic. 

Two dogs were injected with 0.8 mgm. of anti- 
mony per kilogram of body weight administered in 
the form of tndium antimonyl arylitok The 
amount of antimony in the blood of both dogi was 
determined as was the amount of antimony in the 
liver of one dog at 3 ft hours. ]t v.*v> found that the 
blood level and liver content were approximately 
the rnroe as tho r e found in the dog: after the injec- 
tion of tartar emetic. 

The collection of six hour specimens of urine was 
unsatisfactory due to the irregular and infrequent 
urination of the dogs. However, the total urine 
collected over the interval, plus the residual urine 
expressed from the bladder at autopsy, contained 
all of the antimony excreted in the urine during this 
interval. The total amount of antimony excreted 
in the urine showed a great deal of variation. With 
the dogs treated with tartar emetic to give an anti- 
mony do^e of 0.S mgnu per kilogram of body 
weight, 9,0, 21.2, 4.0, and 21.2 per cent, respec- 
tively, of the total injected, was excreted in 36 
hours. These amounts bore no direct relationship 
to the amount of antimony present in the liver, 
blood, thyroid, or the adult Dirofilaria iwjy.it is 
from the respective dogs. The urinary excretion 
of antimony in one dog injected with sodium anti - 
monyl xylitol was 13.7 per cent in 36 hours. 

A suspension of the relatively insoluble antimony 
trioxide was prepared from radioactive antimony 
and injected into one dog. In this animal it was 
found that the blood showed an almost complete 
absence oi^ the compound as early as one-half hour 
after injection. Similarly the liver content and the 
urinary excretion rate were very much less than the 
figures noted following the injection of the soluble 
compounds mentioned above. 

DISCUSSION 

In the past, the use of artificially produced radio- 
active compounds has been limited almost entirely 


to r tudic ; of dtnu atr. that arc normally pre* nt in 
the body and nu> Afy to the study of normal physio- 
logic pftKf i !, It v ouM appear that this method 
may have (unridcrable value in toxicological 
studio * of drug , that ran not be determined in small 
amounts in ti me* by other mean'?, 

by the me of radioactive tracing technique*-, we 
have b*vn able to F *hmv the blood level and ibruc 
di nihvAlun of tartar emetic injected intravenously 
into dogn in a ringle dn c e of 0.S mgrn. of antimony 
jwr kilogram of IkhIv weight. Calculations based 
on the antimony content of ti r :.ues removed from 
the four dorr 36 hour-* after the injection of tartar 
emetic ?ho*.wd that 39 to 48 percent of the injected 
antimony had remained within the liver. The 
large amount of antimony accumulated in the liver 
at 3ft hour, after injection is not surprising because 
of the known fact that tartar emetic is likely to 
catre liver ntcrods. 

The large antimony content of the combined 
thyroid and parathyroid tissues was an entirely 
unexpected finding because to our knowledge there 
ban been no laboratory or clinical indication that 
antimony affects either of these organs. This sub- 
ject warrants further investigation and experiments 
are being undertaken to determine whether the 
high antimony content occurs in the thyroid alone 
or in both the thyroid and parathyroid glands. 

The presence of antimony in adult D. im wilis is 
of importance because the finding helps to explain 
the sterility of the female worms and the death of 
some of the adults under antimony therapy. In 
one of the four dogs treated with tartar emetic only 
one male worm was found. This parasite con- 
tained 0.6 microgram of antimony per gram as 
compared with the average of 1.8 micrograms of 
antimony per gram for both male and female para- 
sites recovered from the other three dogs . Further 
work on the antimony content of the adult parasite 
is being carried on. 

The moderate amount of antimony found in the 
kidney cortex may represent in part that deposited 
cxtraccllularly by the urine. There was no specific 
uptake of the antimony of tartar emetic by lymph 
and dermal tissues. It is hoped that other com- 
pounds of antimony will be found to reach these 
tissues in higher concentrations. 

Goodwin and Page (1) found that mice excreted , 
29.8 per cent and 34.S per cent of in traperi ton eally 
injected antimony in 24 and 48 hours, respectively, 
after the administration of tartar emetic with a 
dosage of 6 mgm. of antimony per kilogram of body 
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weight. Mice excreted 61 .5 per cent and 68.5 per 
cent of intravenously injected antimony in 24 and 
4S hours, respectively, after the administration as 
tartar emetieof 3.8 mgm. of antimony per kilogram 
of body weight. The lower excretion rate obtained 
in our experiments may be due to the use of a differ- 
ent experimental animal and a lower dosage rate. 

In a previous paper (3) sodium antimonyl xylitol 
was found to be less than one-half as acutely toxic 
as was tartar emetic. The results of blood, liver, 
and urinary excretion examinations of dogs treated 
with both compounds fail to furnish a clue as to the 
reasons for this difference. 

The suspension of antimony trioxidc was used in 
these experiments because of our previous success 
in eliminating microfilariae from dogs with tins 
compound. IVc had also observed that some of the 
less stable antimonyl compounds decomposed in 
vitro into antimony trioxidc. It was thought that 
these compounds, although curative, may undergo 
some such decomposition in the body. The injec- 
tion of the suspension was found to cause a much 
lower content of antimony in the liver and blood 
than did the soluble compounds. No evidence was 
therefore obtained as to the decomposition of the 
latter type of compound. 

SUMMARY AND CONCLUSIONS 

1. Dogs naturally infected with Dirofilaria tm- 
rnitis were treated with single intravenous injec- 
tions of tartar emetic, sodium antimonyl xylitol, 
and an aqueous suspension of antimony trioxidc 
each prepared from radioactive antimony. Ani- 
mals were sacrificed 36 hours after the injection. 

2. Quantitative estimations of the antimony 
present in the blood after the injection of tartar 
emetic and sodium antimonyl xylitol showed that 
there was an initial rapid decrease of the element in 
the blood during the first hour followed by a slow 
removal for the next 4 to 16 hours. In some cases, 


there was a slight secondary rise in the blood level 
at 24 or 36 hours. 

3. Following the injection of tartar emetic, 
examination of the dry tissues from 22 organs re- 
vealed that the liver contained the largest amount 
of antimony. The combined thyroid and para- 
thyroid tissues contained the next largest amount. 
The adult Dirofilaria imtntlis ranked third in anti- 
mony content. It is possible that these tissues 
have a specific affinity for antimony since their 
antimony content was considerably greater than 
could be expected as the result of a simple distribu- 
tion of a soluble compound throughout body fluids. 

4. The concentration of antimony in the dermal 
and lymphatic tissues was of very low degree. 
However, other compounds are under trial and it 
is possible that one or more of them will be found 
in greater concentration in these tissues and will 
thus offer more promise in the treatment of such 
diseases as the filariases caused by TF«c//crmaspp. 
and Onchocerca volvulus . 
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The nature of the problem of determining the 
nutritive requirements of Endamocba histolytica is 
well known having been discussed by a number of 
workers in this field including Boeck and Drbohlav 

(I) , Dobell and Laidlaw (2), Cleveland and Collier 
(3), Rees, Reardon, and Jacobs (4), Chinn, Jacobs, 
Reardon, and Rees (5), Snyder and Meleney (6), 
Rees, Boziccvich, Reardon, and Daft (7), and 
others. The earlier workers used a base of heat 
coagulated protein with an overlay containing non- 
coagulatcd protein and non-hydrolyzed starch and 
noted that the amoebae ingest the starch. Frye 
and Meleney (8) and Reardon and Rees (9) have 
determined that the thcrmolabile ingredient is not 
required. The former workers substituted heat 
sterilized liver extract and the latter dispensed 
with the thermolabile ingredient without any sub- 
stitution. It does not follow, however, that E . 
histolytica utilizes ingredients as they occur in 
sterile medium because growth thus far has not 
occurred without an associated flora [Cleveland and 
Sanders (10), Meleney, Frye, Leathers, and Snyder 

(II) , and Snyder and Meleney (6)]. Dobell and 
Laidlaw (2) stated that E. histolytica depends on 
the flora for its food supply. More recently, 
Snyder and Meleney (6) suggested that the bacteria 
may furnish suitable conditions for the respiration 
of the amoebae. Specifically they stated that “the 
association of E. histolytica with bacteria is func- 
tional rather than merely coincidental.” It ap- 
pears, therefore, that in the presence of a mixed 
flora of undetermined species of bacteria the prob- 
lem of ascertaining the specific nutritive require- 
ments of E . histolytica is insurmountable. This 
fact was recognized by Dobell and Laidlaw (2) in 
the following statement: “Cultivation of amoebae 

1 Read at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, at St. Louis, 
Mo/, November 13-16, 1944. 

2 With the collaboration of Principal Biochemist 
Floyd S. Daft of the Division of Physiology. 


by methods involving such a number of unknown 
variables ... is obviously unscientific.” 

We have, therefore, approached the problem by 
establishing the amoebae in culture with a single 
species of bacteria and have determined that this 
species, designated as organism t , is micro-aerophi- 
lic and utih’zes dextrose and probably other reduc- 
ing substances of the medium with the production 
of hydrogen and thus establishes an anaerobic 
environment favorable for 'the growth of the 
amoebae [von Brand, Rees, Jacobs, and Reardon 
(12)]. The relative growth rates of E. histolytica 
and organism t have been investigated (7) in 
various media with the result that very high yields 
of amoebae have been obtained from a simplified 
L.E.S. medium prepared from egg white enriched 
with vitamins and cholesterol, substances which 
are lacking in egg white though present in whole 
egg. However, contrary to expectations we have 
found (7) that medium prepared from egg yolk did 
not support growth of the amoebae and, as ex- 
pected, that the enrichment of yolk medium with 
vitamins and cholesterol was ineffective. It ap- 
pears then that heat coagulated egg white contains 
growth factors for E. histolytica that are lacking in 
the vitamin-cholesterol rich yolk. Our data show 
further (7) that without cholesterol the vitamin 
enriched egg white will not support the growth of 
the amoeba and data of Rees and Reardon (13) 
show that although organism Z requires the vita- 
mins it grows as well without as with cholesterol. 
In vitamin-cholesterol enriched media prepared 
from 10 animal and 3 planf^peptones there was good 
growth of organism i and practically no growth of 
amoebae. On the other hand, in a number of 
media prepared from papain digests of peanut, soy 
bean, cotton seed, rice, liver, whole egg, and egg 
white [method of Brewer (14)] there was occasional 
good growth of amoebae and uniformly excellent 
growth of organism t [Rees and Reardon (13)]. 
Numerous attempts over a period of 6 months to 
make papain digests that were uniformly good for 
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growth of amoebae were unsuccessful [Rees and 
Reardon (13)]. It appears then that cholesterol 
is a growth factor for the amoeba and not for 
organism /. Also that in the absence of the requi- 
site basic materials amoeba nutrients arc not fur- 
nished by organism /. The latter occur in egg white 
and as indicated above our efforts to find a substi- 
tute have failed. In the present work we have 
sought to determine whether nutrient materials for 
E. histolytica-organlsm t are localized in soluble or 
insoluble fractions of coagulated egg or egg white 
and also to what extent the amoeba nutrients of egg 
white medium are affected by oxygenation. 

EXPERIMENTAL DATA 

The methods described by Rees, Bozicevich, 
Reardon, and Daft (7) for obtaining quantitative 
data on the growth of E. histolytica in Florence 
flasks were used in the present work. In addition, 
Rees and Reardon (13) have devised a method of 
measuring gas produced by organism i in the flask 
cultures and the figures thus obtained serve as an 
index of the growth of organism t under these con- 
ditions since no gas is produced by the amoebae 
[von Brand, Rees, Jacobs and Reardon (12)]. 
Details not previously published are as follows: A 
gas measuring cylinder is made by fusing a piece of 
9 mm. glass tubing into the bottom of a 100 ml. 
test tube with the tubing inserted through a rubber 
stopper, by means of which the cylinder is held in 
position in the culture flask with the tubing end 
extending almost to the bottom of the overlay. 
The gas produced during incubation displaces an 
equivalent amount of overlay and the latter is 
measured in the test tube end of the cylinder. The 
figures for organism /-growth reported in the pres- 
ent paper are based on average measurements from 
2 or more of a five flask set of medium. As in pre- 
vious work (7), the figures for amoeba growth are 
based on average haemocytometer counts of two 
or more workers from pooled harvests of all 5 flasks. 

A number of experiments were set up to ascertain 
whether amoeba nutrients released from egg me- 
dium might dialyze through a sausage casing mem- 
brane. Egg slants prepared in quart milk bottles 
were overlaid with Locke’s solution containing rice 
flour and into this medium, following a method 
devised by Doctor J. H. Brewer, was suspended a 
loop of casing membrane filled with rice flour- 
enriched Locke’s solution. In all cases sufficient 
length of membrane was used to permit a consider- 
able segment to lie in contact with the egg base so 


that the oxygen potential occurring at this level 
might affect the casing contents. The loop was 
seeded with E . hislolylica-organism i; the bottle 
medium with organism /. In exceptional cases 
as many as 2,500,000 amoebae were harvested 
per loop but in other cases the size of the harvest 
did not indicate any growth of amoebae* The 
causes of these variations have not been as- 
certained. 

Our remaining experiments are summarized in 
tables 1 and 2. In the first series (table 1) a water 
insoJubJc/raction of heat coagulated egg white was 
separated from a water soluble fraction by centri- 
fugation of Waring blender emulsions (table 1, W 
coag, W inf). The former fraction contained 
ovalbumin, probably some ovomucin, and all other 
egg white proteins except ovumucoid. The latter 
fraction contained ovumucoid and probably some 
ovumucin. From media prepared from each of the 
fractions and also from both fractions in the same 
medium (W ci) the yields of amoebae were far 
below those of the control indicating that the War- 
ing blender treatment or some of the other manipu- 
lations may have affected amoeba producing 
properties of egg white. The experiments therefore 
failed to demonstrate whether the nutrients were 
localized in either fraction. From each fraction 
(W coag, W inf), the growth of organism t was 
lower than the control but from the combined frac- 
tions (W ci) as good as the ; control indicating that 
the manipulations per sc had not adversely affected 
its growth factors. 

In the second series of experiments (table 1, A 
coag, A inf) separation of the insoluble and soluble 
fractions was brought about by pouring the raw egg 
White into boiling Locke’s solution and straining 
Out the coagulum through cheese doth. The 
average results on amoeba growth from the insolu- 
ble fraction medium (A coag) were about the same 
as from the Waring blender series (W coag). On 
the other hand, from the soluble fraction (A inf) ^ 
and also from the combined fractions (A ci) the 
growth was nil. In all cases (A coag, A inf, A ci), 
t;he growth of organism t was about the same as in 
the control medium. We are unable to explain 
these discrepancies of amoeba growth between 
fractions of egg white presumably containing the 
same respective constituents but prepared by two 
different methods. In each case, organism l nutri- 
ents were far less sensitive to unknown factors 
inherent in the methods of procedure than were 
amoeba nutrients. 
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In a third series of experiments (table 1, A dis), 
the experimental medium differed from the control 
medium in only one respect, namely, that the 
coagulated egg white was dispersed in the overlay 
and not confined in a base. Excepting one experi- 
ment of this series, amoeba growth was nil; without 
exception the growth of organism t was* as good as 
in the control. These results appear to point to 
some factor, probably an oxygen potential, that is 
operative only in a well defined egg white base. 


the dissolved oxygen by boiling medium after 
storage had some restorative effect on amoeba 
producing properties (table 2, Cb). A stored base 
with fresh overlay was a deficient medium (table 2, 
C fO/B), but a stored overlay on a fresh base was 
a fair medium (table 2, C 0 fB) indicating that fail- 
ure to produce amoebae was due to factors other 
than toxins. Cotton stoppered overlay used as a 
wholly liquid medium failed to produce amoebae 
(table 2, CO). Thus the data on the cotton stop- 


TABLE 1 


Yields of Endamoeba hislolyiica-organism t in media prepared from fractions of heat coagulated egg white and from 
egg while of pullet eggs, all enriched with the vitamin-cholesterol formula F*>C, Rees, Bozicmch , Reardon 

and Daft (1944)* 


1 

KIND OF KEDltTM 

I 

wholly 

LIQUID OR 
DIPHASIC i 
wl or dp 

NU1TBE& i 
OF TESTS 1 

YIELDS 

< CONTROL 

E. histolytica 

organism i 

E. histo- 
lytica 

organism t 



Average 

Maximum 

Minimum 

Average 

Average 

Average 

W coag i 

dp 

2 ! 

41 ! 

39 

40 

35 

29 

32 

139 

66 

Winf , 

wl 

2 i 

74 l 

63 i 

64 

48 

30 

39 

139 

66 

Wei 

dp i 

2 l 

90 1 

39 1 

65 

67 1 

68 

68 

139 

66 

A coag 

dp 


88 

18 

54 

100 

30 

64 

225 

77 

Ainf 

wl 


12 : 

4 i 

6 

110 

32 

63 

225 

77 

A ci 1 

dp 1 


T5 ! 

2 

7 

113 

76 

96 

225 

77 

A dis 1 

dp 


213 

4 

53 

121 

52 

75 

232 

82 

AF 6 CP j 

dp 


424 | 

397 | 

411 

i 


72 

- 



* The figures by 10,000 represent the number of amoebae per Florence flask culture. The figures for organism 
/ represent ml. of gas per flask produced during the 72 hour period of incubation. 

Key: W coag « water insoluble fraction of Waring blender emulsion of heat coagulated egg white. 

W inf = infusion from centrifugalized Waring blender emulsion. 

W ci = recombination of the above two fractions. 

A coag = water insoluble fraction strained from egg white that was poured into boiling Locke’s solution. 
A inf = filtrate of the above. 

Ad recombination of the two fractions. 

A dis = egg white coagulated by pouring 50 ml. amounts into Florence flasks containing 200 ml. of 
boiling Locke’s solution. 

AFfiCP = egg white medium from pullet eggs. 


The last series of experiments of table 1 (AF&CP) 
show unusually high yields of amoebae from pullet 
egg white. Untabulated data have shown high 
yields from spring and early summer eggs compared 
with those from fall and winter eggs. These 
differences of performance of egg white material 
are due to unknown factors. 

The first series of experiments of table 2 (C) 
show marked loss of amoeba producing properties 
of cotton stoppered, stored medium, the loss in- 
creasing with the passage of time but not with 
indicated increase in temperature. Driving out 


pered series indicate that loss of amoeba producing 
properties was probably due to oxygenation and 
that a fresh base functioned to produce a suitable 
oxygen potential. 

In contrast with cotton stoppered medium, the 
loss of amoeba producing properties from rubber 
stoppered stored medium (table 2, R) was slight, 
especially when residual oxygen in the neck of the 
flask was absorbed by pyrogailic acid (table 2, 
R py ). A similar contrast occurred between the 
amoeba yields of cotton stoppered and rubber 
stoppered stored base with fresh overlay and with 
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TABLE 2 


Yields oj Endamocba Jiistolytica-organism t in stored egg white medium enriched with the vitamin-cholesterol formula 

FhC, Rees, Bozhovich , Reardon and Daft {1944)* 


KIND OF MEDIUM 

TEMPER- 

ATURE 

CURING 

STORAGE 

PERIOD OF 
STORAGE 

NUMBER 

OF TESTS 

YIELDS 

CONTROL 


■ 

E. histolytica 

organism t 

Average 

Average 

Average 

Average 


°C. 

days 






c 

37 

10-20 

7 


46 

139 

86 

c 

37 

30-60 

2 


60 

266 


c 

10 

10-20 

4 


43 

196 

68 

c 

10 

30-60 

2 

5 

48 

249 

70 

Cb 

37 

14-30 

2 

142 

84 

171 


Cb 

10 

10-20 

2 

96 

98 

181 


Cb 

10 ' 

30-60 

2 

74 

51 

172 

40 

CfO/B 

37 

10-20 

7 

35 

16 

174 

64 

CfO/B ' 

37 

31 

1 

86 

38 



CiO/B 

10 

10-20 

3 

106 

51 

215 

64 

C O/fB 

37 

15 

1 

186 


266 


CO/fB 

10 

16 

1 

149 


171 


CO 

37 

10-20 

6 

21 


' 134 


CO 

10 

10-30 

3 

44 

71 

181 


COb 

37 

16 

1 

132 


171 


COb 

10 

10-30 

4 

94 

i 89 

181 


R 

10 

10-20 

4 


60 

235 


R. .' 

10 

30-60 

3 


60 

317 

90 

Rb 

10 

10-20 

2 


104 

295 

64 

Rb 

10 

30-60 

i 2 


81 



R f O/B 

10 

10-20 

1 2 

155 

48 

190 


R fO/B 

10 

30-60 

2 

' 81 

24 



R O/fB 

10 

20-40 

2 

244 

91 

190 


RO 

10 

20-40 

2 

113 

87 



Rpy 

10 

20-30 

2 

267 

93 

135 

92 

Rpy fO/B 

10 

20-30 

2 

196 

85 

135 

92 

Rpy O/fB 

10 

30 

1 

135 

52 



RpyO 

i 10 

: 

20-30 

4 

148 

73 




* The figures by 10,000 represent the number of amoebae per Florence flask culture. The figures fororganfsm 
t represent ml. of gas per flask produced during the 72 hour period of incubation. 

Key: C = cotton stoppered stored medium. 

Cb = same, boiled to drive out oxygen. 

C fO/B = cotton stoppered stored medium, overlay poured off, fresh overlay added to base. 

C O/fB — cotton stoppered stored overlay on fresh base. 

CO = cotton stoppered stored overlay as a wholly liquid medium. 

COb = same, boiled. 

R = rubber stoppered stored medium. 

Rb = same, boiled. 

R fO/B = rubber stoppered stored medium, overlay poured off, fresh overlay added to base. 

R O/fB = rubber stoppered stored overlay on fresh base. 

RO = rubber stoppered stored overlay as wholly liquid medium. 

Rpy = rubber stoppered stored medium with residual oxygen absorbed by pyrogallic add. 

Rpy f 0 /B = same, overlay poured off, fresh overlay added to base. 

-Rpy O/fB = stored overlay on fresh base. 

RpyO = stored overlay as wholly liquid medium. 
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those of wholly liquid medium (table 2, R fO/B, 
R 0/fB,R0). When oxygenation was adequately 
prevented with the use of pjTogallic add (RpyG) 
the overlay as a monophasic medium produced a 
crop of amoebae comparing favorably with that of 
our control diphasic medium* The data in table 2 
are all in agreement with the theory that oxygena- 
tion of stored medium may affect its amoeba pro- 
ducing properties. With several exceptions the 
growth of organism t was not appreciably affected 
by storage of the medium indicating that the fac- 
tors exercised a specific effect for E. histolytica . 

DISCUSSION 

Our experiments with egg white fractions failed 
to indicate whether amoeba nutrients arc localized 
in components of egg white, apparently because the 
methods employed were inadequate. On the other 
hand, our data on stored medium indicate that 
oxygen free stored overlay containing ovomucoid 
produced a good growth of amoebae. Good 
growth occurred also from the reoverlaid stored 
oxygen free base which had lost an undetermined 
amount of ovomucoid. 

The data presented here lend support to a theory 
expressed by Rees, Reardon, and Jacobs (4) and 
also by Snyder and Meleney (6) that growth of E. 
histolytica is facilitated by a lowered oxygen poten- 
i tial. There appears to be some reducing action in 
a well defined egg white base that is operative only 
with rare exceptions in egg white 'coagulum dis- 
persed in the overlay. From stored medium ex- 
posed to oxygenation this reducing power was lost 
but in oxygen free medium it was retained. 

Our data on the growth of organism i aie of 
interest primarily in demonstrating the extent to 
which we were dealing with amoeba nutrients 
rather than bacteria nutrients. Thus our method 
of isolating the amoeba with a single species of bac- 
teria and obtaining quantitative data on the 
growth of both kinds of organisms may eventually 
lend itself to the attainment of our final goal, that 
of cultivating E. histolytica without bacteria. 

SUMMARY 

The growth rates of Endamoeha histolytica and 
organism t were measured in media containing frac- 
tions of egg white as well as in stored egg white 
medium and the data compared with those ob- 
tained with fresh egg white medium. All media 
were enriched with vitamins and cholesterol. 

Water insoluble and water soluble fractions of 
heat coagulated egg white obtained by Waring 


blender emulsification of coagulated egg white and 
by pouring raw egg white in to boiling Locke’s solu- 
tion failed to nourish the amoebae but supplied 
nutrients for organism t. 

A diphasic egg white medium with the coagulum 
dispersed in the overlay failed with one exception 
to produce amoebae but produced uniformly good 
growth of organism t. 

In a limited number of experiments, pullet egg 
white and egg white from spring and early summer 
hen eggs produced better crops of amoebae than 
were obtained from fall and winter eggs. 

Oxygenation occurring in stored cotton stoppered 
medium resulted in loss of amoeba-producing 
properties. 

In rubber stoppered stored medium in which 
residual oxygen was absorbed by pyrogallic acid 
there was no apparent loss of amoeba producing 
properties. 

Ovomucoid diffusing into the oxygen free overlay 
of stored egg white medium produced good growth 
of amoebae in a wholly liquid medium. 

Support was furnished for the theory that fresh 
egg white base probably acting in conjunction with 
organism t is concerned in the oxygen potential 
of the medium. 

The growth of organism / was not appreciably 
affected by factors operating in stored medium 
thus indicating that the factors concerned were 
specific for the amoebae. 
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It is generally believed that the immunity which 
develops after an attack of relapsing fever is an 
“infection immunity.” Persistence of spirochetes 
in the brain presumably accounts for this immunity 
which is usually of short duration, although opin- 
ions differ on the mechanism involved (1-4). 
Certain aspects of this problem have been studied 
in connection with the Course and chemotherapy of 
a California strain of experimental relapsing fever 
infection in Chinese hamsters (Cried ulus griscus ). 
During these studies Chen (5, 6) found that spiro- 
chetes could be demonstrated in the brains of 
treated and untreated Chinese hamsters as long as 
60 days after their disappearance from the periph- 
eral blood. All animals remained at least partially 
immune for as long as 43 days after the initial infec- 
tion. This would suggest that residual infection 
plays an important role in this immunity reaction. 

A continuation of these studies is the subject of 
the present report. Two Afacacus rhesus monkej r s 
were infected with the same California strain of 
Spirochada recur rent is. 0.02 cc. per kilogram of 
blood from infected Chinese hamsters was inocu- 
lated intraperitoneally. Both monkeys exhibited 
spirochetes in their peripheral blood 60 and 72 
hours after inoculation and the blood remained 
positive for from 24 to 36 hours. Seven days after 
the disappearance of spirochetes from the blood, a 
second inoculation was made using twice the quan- 
tity of blood first given. Neither fever nor spiro- 
chetes were noted over a ten-day period. A third 
inoculation, this time subcutaneously , of a similar 
amount of blood from an infected mouse failed to 
produce any signs or symptoms of infection. These 
results would tend to support Coleman's opinion (3) 
that a very mild infection may produce definite 
immunity. 

*Read at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine at St. Louis, 
Mo., November 1 3-16, 1944. 

2 Present address: Division of Pharmacology and 
Experimental Therapeutic^, University of California 
Medical School, San Francisco, 


Twenty-eight and 33 days after the disappear- 
ance of spirochetes from the peripheral blood 
biopsies of the brain were performed. Specimens 
from each monkey exhibited spirochetes. These 
could be demonstrated by the use of Steiner’s 
stain, in the grey matter and blood vessels of the 
brain (5). 

Subsequent to biops} r each monkey was inocu- 
lated intraperitoneally with 2.0 cc. of blood from a 
patient suffering from the Chinese strain of relaps- 
ing fever infection in an effort to determine, 
whether any cross-immunity existed between the 
tick-borne California strain and the louse-borne 
Chinese strain of Spirochada recur rentis . No 
spirochetes were observed in the peripheral blood 
of the monkeys during a 31 day period of observa- 
tion although the blood was found to be infectious 
for hamsters. Tissue removed at a second biopsy 
of the brain of each monkey, 50 and 54 days after 
the first biopsies, reveaied no spirochetes in the 
frontal lobe area. 3 

The results of these studies of material removed 
by biopsy of the brain would suggest that the resid- 
ual spirochetes observed at the first biopsies had 
disappeared within 82 and 83 days after the periph- 
eral blood had become free of spirochetes. The 
possibility remains that residual brain infection still 
existed although the number of spirochetes in the 
brain may have been too small to observe on micro- 
scopic examination. 

In connection with studies of the development of 
immunity to homologous strains in hamsters (6, 7), 
four animals were splenectomized and inoculated 
intraperitoneally with 0.2 cc. of blood from a pa- 
tient suffering from the louse-borne Chinese stain 
of relapsing fever. Three of the four hamsters 
exhibited spirochetes in the peripheral blood four 
to six days subsequently. Twenty-three days 
later these hamsters were inoculated with blood 
from hamsters infected with the tick-borne Cali- 
fornia strain. One comparatively short period of 

3 We are indebted to Dr. S. T. Kwan of the Depart- 
ment of Surgery for performing the biopsies. 
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spirochetemia resulted in contrast to the three or 
four attacks observed in control animals. This 
additional finding would tend to support the earlier 
observations in hamsters and monkeys. The 
brains of hamsters used in the last experiment v/ere 
found to contain spirochetes. 

Hamsters inoculated with brain tissue which 
contained spirochetes failed to produce active in- 
fection but when these same animals were subse- 
quently inoculated with infected hamster blood 
spirochetemia developed. There was no appreci- 
able difference in the infectiousness of hamster 
blood containing spirochetes which was mixed with 
brain tissue and kept for 22 hours at ice box tem- 
pera lu re and infected hamster Meed te which no 
brain tissue had been added. 

SUMMARY 

The evidence accumulated from studies of ex- 
perimental relapsing fever in Chinese hamsters and 
in Macacus rhesus monkeys would indicate that 


cross-immunity exists between infections with the 
tick-borne California strain of Spirochaeta recur - 
rentis and the louse-borne Chinese strain. 
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The term chromoblastomycosis, as originally 
used by Terra and coworkers (1) to designate a 
fungus disease, was revised by Moore and de 
Almeida (2) to chromomycosis. The disease does 
not correspond to a true blastomycosis since the 
fungus divides, both in culture and in tissue, by 
cross wall or septum formation and not by budding. 
The newer term eliminates the possibility of con- 
fusion. 

Numerous cases of chromomycosis have been 
reported throughout the world. The majority 
were caused by the fungus Hormodendrum pedrosoi i 
a few by the closely related PhialopJtora verrucosa. 

The disease is rarely diagnosed clinically except 
in endemic areas, where its manifestations are 
generally considered to be largely limited to the 
skin of the lower extremities, especially of the feet 
and shanks. Lesions have, however, been de- 
scribed on the hand, ear, face, shoulder, arm, neck, 
buttocks, and thigh. It is the consensus that these 
are due to direct inoculation of the fungus into an 
area of local injury. 

Metastases have been reported in only two cases: 
one from Algiers (3) states, “there was a gummoid 
mass in the quadriceps muscle.” This may not 
represent chromomycosis, as the fungus isolated 
from it was not pigmented. The other case was 
studied by Carrion (4) in Puerto Rico. He de- 
scribed the initial lesion on the toe of the left foot. 
Distinct lesions were found in the lower third of the 
left forearm and in the middle third of the right 
thigh. That in the forearm was described as a 
“lumpy mass” measuring about three by one and 
one half inches. It was deep within the subcutane- 
ous tissues and appeared adherent to the underly- 
ing bone. The thigh lesion was the size of a large 
bean and lay within the fibrous sheath of the 
rectus femoris muscle. The Hormodendrum was 
demonstrated in both of these lesions. The loca- 
tion of the masses and the absence of overlying skin 

1 Mycologist, Department of Dermatology, Medical 
College of Virginia. 


changes led the author to believe he was dealing 
with metastases from the toe rather than with 
autoinoculation phenomena. 

It is difficult to differentiate this disease micro- 
scopically from other skin granulomata, especially 
those o s f mycotic origin. A definite diagnosis can 
be established only by demonstrating the organism 
upon microscopic examination aided by cultural 
studies. 

The cutaneous lesions of chromomycosis have 
certain characteristics which may serve to aid in 
the diagnosis of the disease. These were described 
by Moore et al. (5) thus: “The most pronounced 
changes are found in the dermis. Here one sees 
edema, a pronounced cellular infiltration and, in 
older lesions, evidence of fibrosis. The cellular 
infiltration is made up of polymorphonuclear leuko- 
cytes, lymphocytes, epithelioid cells, plasma cells, 
eosinophiles and Russel's fuchsin bodies, which 
have been noted in tissue sections by others. 
Giant cells of the foreign body or Langhans type 
may be present as well as macrophages. There is 
sometimes a tendency to pseudotubercle formation 
in the infiltrate. Fibroblastic changes may occur. 
Necrosis and microabscesses such as are found in 
Gilchrist's disease are not prominent in chromo- 
mj'cosis. The sclerotic cells of the fungus are 
found scattered throughout the corium, especially 
in the abscesses or in giant cells. They occur either 
as single cells or in mulberry-like clusters.” 

Attempts to produce chromomycosis in animals 
have been reported. Carrion and Koppisch (6) 
inoculated 22 animals with a culture of Hormoden- 
drum isolated from a case of chromomycosis. Four 
monkeys and ten rabbits were injected by rubbing 
a suspension of the organisms into scarified skin. 
No lesions were seen in these animals after seven to 
ten months of observation. Eight white rats were 
inoculated as follows: 3 received 0.75 cc. of the sus- 
pension subcutaneously, while 5 were injected with 
1.5 cc. intraperitoneally. One rat of the latter 
group died four and one half months later with 
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extensive pneumonia but no gross mycotic lesions. 
The peritoneum was unaltered, and microscopic 
study of the liver revealed several round, sharply 
outlined nodules. The central areas in some con- 
sisted of dense, hyalinized fibrous tissue; in others, 
of less dense connective tissue and a few shrunken 
epithelioid cells. The Hormodendrum was found 
in a number of these lesions. In some the spores 
were seen within giant cells. No other animal 
showed infection after the same period (7-10 
months). 

TABLE 1 


Schedule of Sacrifice and Results for mice inoculated 


ANIltAL 

SACRIFICED 

f6st inoc- 
ulation 

LESIONS PRESENT 

HI 

days 

1 

Lung, kidney, liver 

H2 

7 

Lung, kidney, liver 

H3 

15 

Lung, kidney 

H4 

18 

Lung, kidney 

H5 

27 

Lung, kidney 


x Schedule of Sacrifice and Results for mice inoculated 
inlraperiloneally 


i 

ANIilAL 

j 

SACRIFICED 

POST-INOC- 

ULATION 

LESIONS r RESENT 

HP1 

days 

7 

Focal abscesses in the perito- 

HP2 

7 

neum of all animals 

HP3 

11 


HP4 

15 


HP5 

18 



Gomes (7) inoculated intradermally one rabbit, 
four guinea pigs, and one rat. Three of the guinea 
pigs died on the sixteenth day following inoculation, 
“with multiple congestive phenomena.” There 
were no granulomatous lesions or abscesses, and 
there was no report of histologic examination. The 
rabbit and rat showed a “papillomatous reaction” 
approximately 38 days after inoculation. 

EXPERIMENTAL PROCEDURE 

The organism, Hormodendrum pedrosoi , #8615, 
used in the following experiments, was supplied by 
Dr. Chester Emmons of the United States Public 
Health Service. It was grown for 96 hours on 
Sabouraud's dextrose liquid media. The surface 


growth was harvested, ground in a mortar with 
physiologic salt solution and a suspension made 
equal in density to a #4 McFarland barium sulfide 
nephlometer. 

Five white mice were injected intraperitoneally 
with 0,4 cc. of the suspension, and five were injected 
intravenously with 0.2 cc. The mice were sacri- 
ficed (chloroform) at intervals up to the twenty- 
seventh post-inoculation day. Table I shows the 
schedule of sacrifice and results. Complete autop- 
sies were performed on all animals, and sections of 
the lungs, liver, spleen, kidneys, and adrenal glands 
were made for microscopic study. 

RESULTS 
Gross pathology 

The mice injected intravenously revealed in all 
cases focal pulmonary congestion. The kidneys of 
mouse H5 showed pinhead size white nodules, sur- 
rounded by a narrow hyperemic zone. All of the 
animals injected intraperitoneally possessed, at the 
site of inoculation, small intra-abdominal abscesses 
walled ofi by mesenteric adhesions. 

Microscopic pathology (Intravenously 
inoculated mice) 

HI and H2 . Lungs: Within the connective 
tissue of both lungs are numerous small nodules, 
many parabronchial, and the others within alveolar 
septa (fig. 1). In the latter cases, the nodules en- 
croach upon the alveoli, compressing them and 
simulating an intra-alveolar lesion. Within the 
centers of these bodies are numerous round, 
sharply defined, thick walled, brown, transparent 
structures (figs. 2 and 3), Some are elongated and 
form septate bodies which permeate the nodules. 
Both are characteristic of the Hormodendrum 
pedrosoi. About them are collected a large num- 
ber of pale eosinophilic cells containing vesicular 
nuclei (fig. 3). Within the cytoplasm of these 
cells, which resemble the early epithelioid cells 
found in miliary tuberculosis, are numerous 
phagocylosed Hormodendrum spores. Scattered 
through these structures are many blue staining 
irregularly formed cytoplasmic fragments, which 
appear to be derived from degenerating polymor- 
phonuclear leukocytes. Circumscribing the bodies 
is a moderate lymphocytic infiltration. Where a 
number of the tubercles have arisen in proximity 
to each other, the intervening alveoli are filled with 
phagocytes and degenerated polymorphonuclear 
leukocytes, producing an area of focal pneumonia. 
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The alveolar septa throughout are moderately 
thickened and infiltrated by lymphocytes. The 
bronchioli and bronchi are lined by intact tall 
columnar epithelium, and no lesions of the blood 
vessels are demonstrable. In no case do the tuber- 
cles show vascularization or fibroblastic prolifera- 
tion. Tissue stained by the Masson trichrome 
method reveals a complete absence of collagen in 
and about the tubercles. 


Livers: Hepatic lesions, similar to those of the 
kidneys and lungs, are present (fig. 4). They are 
scattered about, and appear to be associated with 
both central venules and hepatic veins. The 
portal fields show a round cell exudate. 

Spleens: The follicles are enlarged and the fol- 
licular centers well developed. Reticulo-endothe- 
lial cells lining the congested sinusoids are hyper- 
plastic. No Hormodendrum are seen. 



Fig. 1. EL Tissue reaction in lung showing parabronchial and interalveolar distribution of the lesions. (51 X) 


Kidneys: The cortices are marked by the pres- 
ence of rare small foci of tissue reaction. Within 
their centers are seen the same type of Hormoden- 
drum spores described in the lungs. Surrounding 
them arc a large number of round cells and cells 
possessing very large vesicular nuclei. In but one 
cortical focus is there evidence of definite epitheli- 
oid reaction. In this, the Hormodendrum bodies 
arc seen within the lumina of proximal convoluted 
tubules. In no case can involvement of a glomeru- 
lus be demonstrated. 


H3. Lungs: The nodules in the lungs show the 
same distribution as in HI and 112. They arc 
somewhat larger and consist of numerous giant 
cells of the foreign body type. An interesting 
phenomenon is the fusion of these cells to form large 
syncytial masses which show phagocytosis of Hor- 
modendrum spores, polymorphonuclear leukocytes 
and round cells. There are more polymorphonu- 
clear leukocytes present in these tubercles than 
in those of the previous animals. The Hormo- 
dendrum are abundant, but restricted to the evto- 
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plasm of the giant cells. Nowhere are giant cells are numerous giant cells, many differentiated into 
of the Langhans type visible. the Langhans type and containing phagocytosed 

Kidne3's: There arc a few small lesions composed Horinodcndntm. A notable feature of these lesions 
of foreign body type giant cells, mononuclear is the presence of micro-abscesses composed of 
macrophages, some polymorphonuclear leukocytes polymorphonuclear leukocytes within individual 
and round cells similar to those described in the tubercles. They are most prominent about the 
lungs. The t3 r pical Bormodcndnm bodies are fungous bodies. In some instances the microscopic 
present. Early central necrosis is seen in a large abscesses fuse to form larger areas of central necro- 
confiuent nodule. sis. In a few of the tubercles there is another type 



Fig. 2. HI. Parabronchial tubercle demonstrating spores and hyphae of Honnodendrum pedrosoi surrounded 
by epithelioid cells and an external ring of lymphocytes. (360 X ) 

Liver: Only a few small foci of inflammation are of early centra! necrosis, similar to that encoun- 

present in the organ. The3' are composed of round tered in tuberculosis : coagulation necrosis with few 

cells and occasional epithelioid cells. No Honno - inflammatory cells. Blue nuclear debris is scat- 

doidrum are seen in this section. tered about within these areas. 

Spleen: The changes seen are similar to those Kidneys: The same type of lesion described in 
described in HI and H 2 . the lung is present within the cortex of the organs. 

H 4 . Lungs: In this animal some of the tuber- Here giant cells again dominate the morphologic 

cles have further increased in size. There is some aspect of the tubercles. Many show differentiation 

fibroblastic proliferation about the periphery, into the Langhans type; some are filled with Hor- 

delineating the tubercles from the surrounding modendrum cells; others are empty. About the 

organ parenchyma. In the center of the tubercles Hormodendrum there is a polymorphonuclear leu- 
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Fig. 4. //7. Epithelioid cell and leukocyte reaction about fungous bodies in liver, (720X) 
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Fig. 7. 115. Renal tubercle characterized by Langhans giant-cells. (1S0X) 



Fig. 8. H5. Higher magnification of figure 7 showing active phagocytosis of Hormodendrnm. (360X) 


kocytic response. Within the center of one of Liver: The same small focal lesions (character- 
these tubercles early necrosis is evident. Fibro- ized by the presence of numerous round cells, 
blastic proliferation is marked. polymorphonuclear leukocytes and occasional 
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macrophages as described in the previous livers) II 5. Lungs: Study of the sections reveals the 
are again seen. process to have advanced in a few of the tubercles, 



Fig. 9. H5. Necrosis of tubercle in renal medulla (54X) 



Fig 10 R5 Higher pov er view of figure 9 revealing abundance of organisms m abscess (720X) 

Spleen: The spleen shows the hyperplastic w hich are now larger and marked by more definite 
reticulo-endothelial and sinusoidal congestion typi- peripheral fibrosis (fig 5). The same types of 
cal of the previously described organs. giant cells, Langhans and foreign body, both of 
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which show phagocytosis of the fungus, are present ules, which probably represent a new generation of 
(fig. 6). Intra-tubercle microabscesses are promi- tubercles, since no fibrosis or scar tissue is demon- 








Fig. 12. EPS. Higher power view of abscess in figure 11. (720X) 
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Fig. 11 . EPS. Large nodule showing central necrosis produced by intraperitoneal injection of fungus. Stom- 
ach mucosa and muscularis intact. (36X) 

nent. There is no extension of the caseating strable. They consist largely of macrophages 
necrosis described in the previous animal. A which show ingestion of Hormodcndrum . Masson 
striking observation is the presence of small nod- stained tissue reveals that only the latest (oldest) 
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tubercles are outlined by collagen producing fibres* 
The .smaller lesions show no fibroblastic prolifera- 
tion as measured bv collagen production. 

Kidneys: Within the cortices are legions similar 
in all respects to those dt^cribed in the preceding 
animal (figs. 7 and 8). Two large tubercles in the 
medulla show almost complete suppuration (fin. 
b). Macrophages line the ab-ce.^es which are out- 
lined by fibroblastic proliferation. Within tin* 
abscesses are numerous llonnodcndrum bodies 

(f«R. H». 

Inlrapcritoncolly inoculated mice 

11 PL The lungs, kidneys, liver, and spleen of 
this animal show no changes other than vascular 
congestion, A section through the stomach re- 
veals intact mucosa and mu^cularb. The sub* 
serosa and serosa, however, are occupied by a 
granulomatous body measuring about one and one 
half mm. in diameter (fig. 11). The central por- 
tion of tliis nodule is necrotic and shows dense 
polymorphonuclear leukocytic infiltration. Hoar- 
ding the whole is a wall of proliferating connective 
tissue. Scattered throughout the entire structure 
arc llonnodcndrum (fig. 12). They occur in both 
the spore and mycelial forms. Within the adher- 
ent omentum are smaller granulomatous structures 
similar to those seen in the organs of III. 

7/P2, IIP3, I1PA , iitu! UPS. The organs show 
the same lesions described in HIM. 

DISCUSSION 

Chromomvcosis in humans is contemporaneously 
recognized as a disease of the skin, since no cicar- 
cut examples of systemic spread have as yet been 
reported. The organism is thought to reach its 
human host via local cutaneous inoculation and, 
because of its low virulence, only a circumscribed 
response is elicited. These considerations influ- 
enced the design of past experiments which resulted 
in corroboration of the a priori assumptions. 

By changing the route of the infection to the 
blood stream, a granulomatous lesion was produced 
in the lungs and kidneys of mice. The lungs, 
presenting the first capillary bed through which 
the organisms were filtered, received and appar- 
ently retained the largest number, consequently 
presenting the most marked lesions. The renal 
tubercles gave evidence of the entrance of some of 


the organisms into the arterial circulation. Why 
characteristic granulornata were not pre-ent in the 
liver and spleen of the older animab b not easily 
explained. 

The formation of tubercle*., both in the human 
‘>kin and motive vbcera, characterized by micro- 
ab *cr--e** about tin* organisms, and the presence of 
spores and mycelium, b evidence of the similarity 
of the tissue reaction in the-r mammalian verte- 
brate**. 

Many of the llonnotlmdrum succumbed to the 
protective force- mobilized by the tb-ue- f chiefly 
phagocytosis. Those which survived adjusted 
them^elve*. to a parasitic existence and, as was 
demonstrated in H5, had already given rbe to a 
new generation of granulornata. 

The lesions produced by the in Ira peritoneal in- 
jection of the llonnodcndrum were of secondary 
importance in this study. The basic tb^ue pattern 
elicited by this means b identical to that seen in the 
systemic di-ease. The site of inoculation b the 
focus of a large access containing numerous fun- 
gou" cells and polymorphonuclear leukocytes 
surrounded by epithelioid cells and fibroblasts. 
It is evident that in HIM, IIP2, and 1 1 PA there is 
some lymphatic spread into the adherent mesentery 
resulting in the appearance of adjacent tubercles. 

Three mice not included in this study were in- 
jected intravenously with llonnodcndrum pedrosoi. 
All three, after 11 days, showed typical systemic 
lesions. The fact that 13 mice injected intrave- 
nously or intrapcritoncally with llonnodcndrum 
developer! typical chromomvcosis is evidence of the 
usefulness of this animal in any study directed 
toward the investigation of chromomvcosis. 

In order to study the problems of chromomvcosis 
suggested by this work and to determine the end 
results of this infection, experiments embodying 
larger groups of animals and extending over a 
longer span of time have been undertaken. 

conclusions 

1. Systemic chromomvcosis was produced in 
mice by intravenous injection of llonnodcndrum 
pedrosoi. 

2. Focal chromomvcosis was produced in mice 
by intraperitoneal injection of llonnodcndrum 
pedrosoi . 

3. The lesions elicited are similar to those de- 
scribed in human chromomvcosis. 
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In the study of the microfilaria in the histo- 3. 
pathologic sections of the lesions of Onchocerciasis 4. 
of Guatamala, one can not but be impressed with 
the poor and variable reaction of the micropara- 
sites to the routine tissue stains. A glance at the 
chapter devoted to Onchocerciasis in any of the 
recent text books (1-6) will sene to emphasize 
this. Here, the microfilaria are represented by 
sketches, rarely actual photomicrographs, de- 
picting small worm like organisms of varying size 
and outline and a polka-dot pattern. Much 
emphasis is placed upon these dots — nuclear 
dots — column of nuclei, within the worm, inferring 
that the various species of microfilaria may be 
differentiated one from the other by the distribu- 
tion and the number of the dots. 

Other than these “dots” the microfilaria have 
few other characteristics. The remaining “cyto- 
plasm” of the organism stains poorly, if at all, 
and the actual border of the organism is often not 
distinguishable. When the microfilaria are nu- 
merous, as they frequently are, in the center of the 
Onchocerca nodule they are easily found, even 
with the routine stains. But in the periphery of 
the nodule, among the dense collagenous connec- 
tive tissue, their recognition as a row of dots or 
granules becomes difficult, uncertain and often 
impossible. This is especially true when one is 
searching for small fragments or tails. 

It was obvious that a more selective stain' 
would greatly facilitate the identification of the 
microfilaria and contribute to the study of their 
behavior in tissue, as this is as yet not well 
understood. 

The usefulness of silver salts in the demon- 
stration of the treponema in tissues led to the 
development of the following stain: 

A silver stain for demonstration of Onchocerca 
Microfilaria in tissues 

Method: 

1. Fix tissue thoroughly in neutral formol. 

2. Cut sections by freezing microtome, 10 microns. 

Note — paraffin sections can not be used. 
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Float sections in distilled water. 

Wash sections twice in distilled water. 

Transfer sections, (two to three at a time) to 10 cc, 
2% silver nitrate solution at room temperature. 
Heat slowly over microburner, 60-70 degrees C., 
until sections become a faint but definite yellow. 
This may require 15 to 20 minutes. 

6. Transfer sections and wash twice in distilled water. 

7. Place sections in ammoniacal-silver-carbonate 1 
solution for 3 to 5 min. 2 

8. Wash 1 minute in distilled water. 

9. Transfer to 1% formol solution for 1 min. 

10. Wash in distilled water. 

11. Transfer to 5% sodium hyposulphite solution for 
1 minute. 

12. Wash thoroughly in distilled water. 

13. Float section on slide, drain, blot with fine grade 
filter paper. 

14. Dehydrate by flooding slide with absolute alco- 
hol, drain, blot. 

15. Clear section by flooding slide with creosote, drain, 
blot. 

16. Mount with coverglass using clarite x. 

Collagenous connective tissue is stained yellow 
to yellow brown. The microfilaria are colored 
black and stand out in contrast against a yellow 
environment. Nuclei and nuclear material stain 
black. A granular precipitate of black silver in 
the intercellular material indicates faulty tech- 
nique. The added thickness of frozen sections 
aids rather than hinders the search for the micro- 
filaria. 

The suggested silver stain accomplishes two 
results: (1) it facilitates the demonstration of the 

1 Ammoniacal-silver-carbonatc solution: (7) To 5 cc 
of 10% Silver Nitrate solution add 15 cc of 5% Sodium 
carbonate solution, mix. Add concentrated C.P. 
Ammonium Hydroxide Solution drop by drop until 
the white precipitate has been completely dissolved. 
Then add one or two drops in excess. Make up to 
75 cc volume by adding distilled water. 

2 The length of time in silver carbonate solution 
will depend upon the density of the connective tissue, 
and upon the thickness of the section. Ammoniacal- 
silver-carbonatc is essentially a nuclear stain, but will 
impregnate old collagen. 
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Fig 2 Microfilaria, high power, ha\e striated cuticle and definite internal structure 
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microfilaria by contrasting them with their 
environment (fig. 1). This is achieved by im- 
pregnating them with silver; and (2) it visualizes 
a specific and complicated anatomy of the micro- 
filaria, not described in the texts (figs. 2, 3). This 
added factor is of value in identifying the micro- 
filaria when they are present m the sections m 
fragments (fig. 6), or in cross section. 

By a combination of intensive staining and 
specific details shown, it is possible to demonstrate 


sections must be cut to find an entire microfilaria 
in a single fiat plane. It is probable that most 
of the measurements of the microfilaria that have 
been made have been done directly upon the 
parasites which have been expressed from the 
Onchocercoma or tissues. Obviously the smaller 
microparasites are more easily expressed and the 
older and longer forms, with their marked coiling, 
often perivascular, cannot be removed by such 
a procedure and remain fast in the tissues. 





Fig. 3. Microfilaria in Onchocercoma, 520 microns. Length has been underestimated 


the microparasites in portions of the section such 
as the capsule and surrounding tissues v'hen the}" 
are not visualized by the routine stains. 

OBSERVATIONS ON THE MORPHOLOGY OF 
MICROFILARIA USING SILVER STAIN 

Dimensions: The diameter of the microfilaria 
is le^s a variable than the length. The average 
estimated diameter varies from 10 to 15 microns, 
and is comparable to the diameter of the poly- 
morphonuclear leukoevtes seen in the same 
section (fig. 7, 8). The length 'varies from about 
200 microns for the young forms in the center of 
the nodule to upwards of 1000 microns for older 
forms in outer zones of the Onchocerca nodule. 
Because of the tendency to extreme coiling, many 


Contour-surface: The contour of the micro- 
filaria is not smooth as has been commonly repre- 
sented. It is slightly but regularly elc\ated by 
circular striations and annular condensations of 
the cuticle. These annular striations resemble 
the striations seen in adult nematodes The 
“striations” extend the entire length of the micro- 
filaria from the stoma to the tip of its slender 
sharply pointed tail (fig. 3). Within its outer 
body wall can be seen some fine granules often 
in short rows, beneath the striated cuticle. Stna- 
tions and internal structure are not seen in the 
microfilaria in the uterus of the parent worm until 
immediately before their birth. The microfilaria 
during most of their intrauterine life sIioa no 
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other reaction to the silver stain than the scat- 
tered granules observable by the routine stains. 

Through the outer striated body wall can be 
seen an inner cylindrical body cavity extending 
the entire length of the organism to within a short 
distance of the tail (fig. 2, 3). This cavity is 
occupied largely by a column of dark and irregu- 
larly staining material which begins at the stoma 
(fig. 2, 3). This column is of variable diameter 
and consistency and quite commonly shows a 
slight spindle shaped enlargement a short detanre 
from the stoma. In some places this central 
column is vacuolated. At Mime levels it may be 
seen as two columns which may be entwined. In 
a few instances three columns may be seen. 'I hen* 
columns probably represent the precursors of the 
digestive and reproductive systems, though specific 
differential vc features are lacking. Associated 
with the column above described there are numer- 
ous condensations of dark staining material, 
usually projecting into the column. Thc*c masses 
are spherical, ovoid, or rod shaped and sometimes 
are seen in rows. These are the masses referred 
to in most descriptions as the “column of nuclei/* 
They arc not nuclei in the strict sense of the word, 
though they take the nuclear stain and may be 
aggregations of nuclear material. 

Often the microfilaria may be seen in cross 
section. They present a circular appearance and 
the central column may be readily seen. At 
some levels, as suggested, the central mass ap- 
pears as two, sometimes as three. With routine 
stains microfilaria can but rarely be identified in 
cross section. 

The microfilaria, thus, by their structure appear 
as miniatures of the parent worm, which possesses 
a striated cuticle and an inner digestive and repro- 
ductive system. 

OBSERVATION'S OX THE BEHAVIOR OF THE 
MICROFILARIA TX T1SSEE 

The number of microfilaria in the Onchocercoma 
is variable. When first born, they arc most 
numerous about the center of the nodule. Here 
the proliferated connective tissue which has been 
produced in response to the presence to the parent 
worm is the youngest. This tissue is structurally 
loose and contains abundant intercellular fluid, 
little collagen, few fibrils. The capillaries are 
delicate and are but endothelial channels. In 
such an environment the microfilaria find loco- 
motion easy in all planes. Extreme coiling of the 


parasites is observed. Their own movement 
takes them eventually toward the periphery. 

As tin* periphery of the nodule i** approached 
the density of the connective tiwie increases, 
the amount of collagen increase, and it i* laid 
down in heavy parallel and concentric bundle* 
(fig. 4). Microfilaria become le-.s numerous as 
the density of the surrounding tissue increase*. 
While extreme roiling of the microparasite i* fre- 
quent and possible in the center of the nodule, 
it is ciMomarv to find the organisms in the 
periphery extender! to conform to the parallelism 
of dense collagen bundles which surround them 
and obviously interfere with their locomotion 
(fig. 4). Here they are recognizable with great 
difficulty by the ordinary stains and while they 
are alive they excite no tissue reaction. 

liven in the center of the Onchocercoma the 
microfilaria exhibit some tendency to coil about 
capillaries. This tendency to seek the perivascu- 
lar tissue is shown in all layers of the nodule. In 
this area about the capillaries and small arterioles 
the microfilaria encounter a zone of loose con- 
nective tissue which offers less mechanical inter- 
ference to their locomotion than in other areas. 
As the periphery of the Onchocercoma is reached 
the perivascular space is the site where the micro- 
filaria are most consistently found (fig. 5). Here 
may be found their coiled fragments (due to plane 
of section), while none may be seen in the sur- 
rounding stroma. 

In the perivascular space coiling is observed 
(fig. 6). Coiling is a manifestation of locomotion 
and coiling is not seen in the microfilaria that are 
seen between the collagen bundles remote from 
the blood vessels (fig. 4). 

The perivascular space is obviously a path 
which leads to the periphery and through the 
capsule and therefore may be an important high- 
wav bv which the microfilaria leave the nodule to 
migrate into more remote sites. 

There are two other possible paths of exit from 
the Onchocerca nodule, namely the lymphatic 
and capillary channels themselves. Having 
studied large numbers of sections, in all planes, 
no indisputable instance was found where a 
microfilaria was seen within the lumen of a lymph 
or blood capillary. Moreover, the absence of the 
microfilaria from the peripheral circulation is a 
feature in this type of Onchocerciasis, and ele- 
phantiasis does not characterize the Guatamalan 
variety of this disease. This would suggest that 
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Fig. 4. Microfilaria, extended, are difficult to find between parallel bundles of connective tissue. Arrow. 



Fig. 5. Microfilaria, M. F., consistently found coiled in loose perivascular connective tissue. 







OBSERVATIONS ON MICROFILARIA WITH SILVER STAINS 


135 


neither of these routes is used by the microfilaria 
as an exit from the Onchocercoma. Others have 
observed that the microfilaria do not migrate 
far from the original nodule (6). This would be 
consistent with the perivascular avenue suggested. 

The youngest connective tissue of the Oncho- 
cercoma is in the center. Aging of tissue pro- 
gresses as the periphery is reached. The capillaries 
in the center are those of young granulation tissue 
and consist of but an endothelial channel. As 
the central zone is left behind the capillaries ac- 


is engorged with mobile inflammatory cells 
(fig. 6). There is an exudation of fibrin and cells 
into the surrounding area, with granular debris 
and thrombosis of the capillary (fig. 7). This 
indicates capillary injury with reaction. It is 
not unreasonable to assume that the injury was 
produced by the microfilaria (capillary endo- 
thelium is susceptible to injury and is reactive) 
and that the resultant reaction has sufficed to 
thwart the actual penetration of the microfilaria 
into the capillary lumen. 



Fig S. Caoillary thrombosis, focal exudation, destruction of microfilaria, M. F. 


quire a connective tissue collar with collagen. In 
the central zone there is evidence that capillary 
invasion by the microfilaria is attempted. Such 
attempts are represented in the sections by minute 
focal inflammatory lesions. If one analyzes the 
lesions it will be seen that they are confined 
largely to the central thin walled capillary zone. 
In fact, no such lesions are found associated with 
capillaries in the periphery, nor in any zone where 
a capillary has acquired a protective wall of con- 
nective tissue with collagen. 

Very frequently a microfilaria is seen in close 
contact with a naked capillary and the capillary 


In many instances the microfilaria are sur- 
rounded by this focal acute reaction. Among the 
reacting cells there are macrophages. In not a 
few instances the microfilaria were observed in 
various stages of disintegration. These stages 
vary from loss of vis'ble striations to aggregation 
of granules into masses and loss of outline as a 
paiasite (fig. 8). 

There was no evidence that the microfilaria, 
either alive or dead, induced a true granuloma. 
While the parent parasites are alive, no giant cells 
were observed. When the adult parasite dies, 
on the other hand, granuloma formation with 
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giant cells becomes a very conspicuous feature 
and, at the same time, alteration of structure in 
the macroparasite is very obvious. 

ST7M3IARY 

A silver stain is described which facilitates the 
demonstration of microfilaria in tissues. In addi- 
tion, the stain reveals details not shown by routine 
procedures. 

Additional study would suggest that the micro- 
filaria leave the Onchocerca nodule by the peri- 
vascular tissue spaces and not through the capil- 
laries themselves. Evidence is present to suggest 
that invasion of capillaries is blocked by prompt 
reaction and thrombosis and that the microfilaria 
may be destroyed in the ensuing reaction. 


BIBLIOGRAPHY 

(1) Laboratory Guide to Medical Protozoology and 

Helminthology, Naval Medical School, National 
Naval Medical Center, Bethesda, Md., 1943. 

(2) Medical Parasitology, Culbertson, Columbia Uni- 

versity Press, 1942. 

(3) Textbook of Clinical Parasitology, Belding, D. 

Appleton-Century Co., 1942. 

(4) Z. Taylor Bercovitz : Clinical Tropical Medicine, 

Paul Hoeber Inc., 1944. 

(5) Stitt’s Diagnosis, Prevention and Treatment of 

Tropical Diseases, Strong, Blakiston Co., 
Philadelphia, 1942. 

(6) Strong: Onchocerciasis, Harvard Press, 1934, 

Part I, Chapters 5, 6, 7, 8. 

(7) Wm. M. German: Hortega’s silver impregnation 

technique, uses and application. Am. Jour. 
Clin. Path,, 8: No. 5, Sept. 1938. 


X 


STUDIES ON THE MICROFILARIAE PERIODICITY OF LITOMOSOIDES CARINII, 
FILARIID PARASITE OF THE COTTON RAT 1 

Samuel D. Bell, Jr., and Harold W. Brown 
From the DeLamar Institute of Public Health, College of Physicians & Surgeons, Columbia University 

Received for publication May 20, 1944 


Lilotnosoides carinii (Travassos, 1919), a filariid 
parasite of the thoracic cavity of the cotton rat, 
Sigmodon hispid us, and various other rodents, 
has recently assumed some importance as a 
possible experimental animal in chemotherapeutic 
studies on filariasis. A search of the literature 
reveals that little work has been done on this 
nematode beyond several descriptions of the adult 
species, so that in conjunction with experiments 
on the effects of various chemotherapeutic agents 
on the microfilarial counts, it was thought that an 
estimation of the normal variation in the micro- 
filarial counts, especially with regard to any 
evidence of periodicity, might be of value. 

THE PARASITE, LITOMOSOIDES CARINII 

In 1919 Travassos described a filariid worm 
from the pleural and peritoneal cavities of the 
squirrel, Sciurus sp., from Sao Paulo, Brazil and 
named it Filaria carinii (Vaz, 1934). According 
to Vaz (1934) this nematode is identical with 
Filaria patersoni described by Mazza in 1928 
from the peritoneal cavity of the rodent, Holochilus 
vulpinus , with Litomosoidcs sigmodontis , which 
Chandler (1931) described from the thoracic 
cavity of the cotton rat, Sigmodon hispidus in 
Houston, Texas, and with Microplcura sigmodoni 
described in 1932 by Ochoterena and Caballero 
from the pericardial and pleural cavities of 
Sigmodon hispidus in Michoacan and Jalisco, 
Mexico. Vogel and Gabaldon (1932) found the 
worm in the pericardial and pleural cavities of 
Mas decuman us in Caracas, Venezuela and they 
established a new genus Vcsiibulosclari a , type 
species V. patersoni (Mazza, 1928), but according 
to Chitwood (1933), the correct generic name 
should be Litomosoidcs. Vaz (1934) found the 

1 This study was made possible through financial 
support of the John and Mary R. Markle Foundation. 
During the preparation of this material, the assistance 
of Roger W. Williams, and Miss Bettie Ferrell, has been 
invaluable and to them the authors express their sincere 
appreciation. 


worm in the pleural and pericardial cavities of the 
rodent, Ncaomys squamipcs , in Sao Paulo, Brazil, 
and summing up all the data on this parasite, he 
came to the conclusion that the correct name is 
Litomosoidcs carinii (Travassos, 1919). 

At the autopsy of rat No. 1 in our studies seven 
adult worms were found in the pleural cavity, 
four females and three males and a thorough 
search of the other body cavities and organs failed 
to reveal further worms. These conformed 
morphologically to the description of Chandler 
(1931) with the exception that the females were 
115-130 mm. in length, rather than 50-65 mm. 
as described; most of the adult females found dur- 
ing the course of this experiment were over 100 mm. 
long. The males measured approximately 25 mm. 
in length. 

A search of the literature reveals a brief descrip- 
tion of the microfilariae of X. carinii by Vogel 
and Gabaldon (1932), but since some confusion 
apparently exists as to whether or not they are 
sheathed, an effort was made to demonstrate the 
sheaths. In his description of the adult worms, 
Chandler (1931) states that the embryos in the 
uterus of the female were 100-105 micra in length 
and unsheathed. Harwood (1932) refers to the 
parasites as sheathed in his investigation of the 
tissue-penetrating abilities of these microfilariae, 
and Vogel and Gabaldon (1932) mention the 
sheath and the fact that nuclei extended to the 
tip of the tail. 

For our study of the microfilariae, thin smears 
of tail blood from the cotton rats were made, the 
erythrocytes tysed, and the slide stained with 
standard alum hematoxylin. The sheath was 
seen to be about 100 micra long (fig. 1). The 
cuticula was plainly visible within the sheath, 
especially at the anterior tip of the worm, which 
was usually marked by a clear area free of nuclear 
material extending 3-5 micra posteriorly; the 
deeply-stained nuclei were observed to extend 
to the end of the tail in most cases. With the 
staining technique used, the nuclei appeared to be 
more compact than in Wuchcrcria ban croft f. 
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1'K,. 1. I hotomicrojiraph of LUomososdn o trittii microfilaria, showing sheath and nuclear structure in the tail. 

TAUI.K 1 

Microfilaria (L. cariuii) ennuis at four-hour i^tf rials in six cotton rah over dS-J:our period . The counts represent 
the total number of n n m m fiiariae in 3 5 c.mm. if tail blood 
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METHODS OF STUDYING MICROITLARI aL 
PERIODICITY 

The cotton rats u-ed in this experiment were 
obtained from the Zoological Research Supply 
House in Englewood, Florida, now the Jicgencr 
Research Company, Box 224, Indian Beach, 
Sarasota, Florida, and were captured i n that 
immediate region. Blood was drawn f^om six 
rats at four-hour intervals, ten, two and over 
a 48-hour period by clipping the raV tails. 
After the method of Brown and William* (1945) 
microfilarial counts were made by drawing 3.5 
c.mm. of blood into a pipette and a thicl c smear 
made to cover a measured area of 0.9 squ a re cm. 
This was stained with Giemsa and the organisms 
counted under high power. At first the micro- 
filariae on the entire square were counted, but 
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Brown and Williams have showed that counting 
every fifth row and multiplying bv five was 
sufficiently accurate statistically, so this method 
was adopted. 



Fig. 2. Graph of microfilaria ( L . carinii) counts from 
tail blood of six rats over 48-hour period. 
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EXPERIMENTS 

Table 1 shows the results of the microfilarial 
counts in tail blood drawn at four-hour intervals 
over a period of 48 hours. Figure 2 charts the 
data from table 1 and demonstrates that there is 
no obvious nocturnal or diurnal periodicity of the 


parasite resembles Acanthocheih»te?m Persians 
which inhabits the serous cavities of humans. 
This random variation in microfilarial count 
makes the filaria of the cotton rat a difficult 
animal to use experimentally in the evaluation 
of the effects of chemotherapy in filariasis, since 
one cannot determine whether the counts are 


TABLE 2 


Microfilaria (L. carinii) counts grouped into day and night 12-hour periods over 4S hours 
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type shown by various human microfilariae, 
although the blood of each rat shows relatively 
wide variations in the number of microfilariae 
at different times. 

In order to check statistically whether or not 
the microfilariae of L. carinii were periodic, it 
was found necessary to group the counts into 
night, 6 p.m., 10 p.m., and 2 a.m., and day, 
6 a.m,, 10 a.m., and 2 p.m., counts, as shown in 
table 2. The data thus obtained were analyzed 
by Dr. John W\ Fertig, Professor of Biostatistics 
of the DeLamar Institute of Public Health, 
Columbia University, by the chi-square method 
and it was shown that whereas with one exception 
each rat showed a statistically significant individual 
variation from one twelve-hour period to another, 
when the same method was applied to the total 
for all six rats, the variation was not greater than 
that which can be accounted for by chance alone. 

When the above data were analyzed to show 
that there was a significant individual variation, 
there remained the possibility that there might 
be some, sort of cyclical variation over a period of 
days. Consequently rat No. 1 was followed 
at 12-hour intervals for a total of nine days and at 
24-hour intervals for a total of 20 days (table 3 
and fig. 3). Although microfilarial counts as 
low as 223 and as high as S75 were encountered 
during tliis period, no regular cyclical variation 
in the counts occurred. 

It is evident from the above data that micro- 
filarial counts on the peripheral blood of rats 
infected with L. carinii will van" widely at differ- 
ent times and that there is apparently no way of 
predicting these variations. In this respect the 


TABLE 3 


Microfilaria (£. carinii) counts per J.5 c.vim. oj blood 
on Rat No . 1 at 12-hour intervals for nine days and 
at 24-hour intervals for 20 days 
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Pic, 3. Graph of microfilaria (/.. caritiii) counts in 
rat No. 1, taken every 12 hours for 9 days and every 
24 hours for 20 days. 


rising or falling spontaneously or in response to 
the drug. On the other hand since tests of new 
chemotherapeutic agents on the cotton rat filaria 
are based on the ability of the drug to completely 
rid the blood of parasites, and also kill the adults, 
these fluctuations in microfilarial counts, although 
a hindrance, do not prevent Sigmodon hispid us 
from being a good test animal. 

SUMMARY 

1. The microfilaria of Ltiomosoidcs carittit, 
parasite of the pleural cavity of cotton rats, does 
not exhibit a nocturnal or diurnal periodicity. 
Likewise no longer periodic cycle was encountered. 


2. Variations in the microfilarial counts greater 
than can be accounted for by experimental error 
and chance alone may occasionally be encountered 
and may be due to variation in parturition rate, 
great numbers of the microfilariae invading the 
blood stream at one time or the death of an 
unusual number over a short period. 
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In the life cycle of Trypanosoma critzi , the caus- 
ative agent of Chagas' disease, as described in 
most publications, the organism after an incuba- 
tion period enters the blood-stream of the verte- 
brate host as a narrow, active “metacyclic" trypan- 
osome, that develops without multiplication into 
a broad “blood form." When deposited in the 
tissues, it becomes a round leishmanian type that 
undergoes multiplication and eventually produces 
cyst-like accumulations. Some of the leishmanian 
forms may revert to trypanosomes and reinfect 
the blood, thus producing new metastatic foci. 
Since it is difficult to follow the transformation 
process within mammalian tissues, the develop- 
mental stages have been studied chiefly in arti- 
ficial cultures and in the invertebrate host, 
Triatoma , where multiplication also begins with 
the leishmanian form. According to the accepted 
belief the life cycle of T. critzi in the vertebrate 
and invertebrate hosts and in cultures takes the 
following identical course with no sexual process 
involved. The leishmania develop into lepto- 
monad and crithidial forms and the latter, when 
mature, are transformed to trypanosomes by 
the migration of the kinetoplast from its prenuclear 
position to the posterior pole of the parasitic cell., 

The experimental studies of the writer, how- 
ever (1 a^e) have led to conclusions that in many 
respects are not compatible with the above theory. 

A brief description of the pertinent findings is 
presented. (For technics see references 1 a, 
b and e.) 

1. Systematic examinations of the blood of 
infected animals during the incubational period 
were made in order to establish the type of trypan- 
osomes that first appeared in the blood. 

The popular assumption that “metacyclic" 
trypanosomes appear first in the blood and later 
develop into the typical “blood form" is not sup- 
ported by direct observations. On the contrary, 
in the vertebrate host the blood form not only 
exists from the beginning, but also numerically 
exceeds the metacyclic form at all stages, thus 
making improbable the transition of the latter 
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into the blood form. Furthermore, metacyclic 
trypanosomes have been followed under the micro- 
scope until all movement ceased and no trans- 
formation into the broad blood form has been 
observed. 

Morphological differences in the trypanosomal 
forms of T. cruzi were described in 1909 by 
Chagas (2), who, without convincing proof, 
attributed to them a sexual character. His 
findings are often misquoted, since it was not 
secondary differences in size, but fundamental 
differences of structure that attracted his atten- 
tion. My study of artificial cultures indicates 
that T. cruzi possesses, at least potentially, three 
different mechanisms of trypanosomal genesis: 
namely, (1) a direct unrolling from the round form, 
without other intermediate flagellate pre-stages; 
(2) a schizogony-like multiple segmentation 
process; and (3) a longitudinal binary fission. 
In the vertebrate, however, the first of these 
mechanisms seems to predominate, and the 
production of other types of development is still 
debatable. 

2. The migration theory , which assumes that 
the trypanosomal form develops from the crithidial 
by the migration of the kinetoplast, is not based 
on direct observation in vivo , but is derived from 
the study of stained smears containing sufficient 
successive intermediate stages of kinetoplastic 
position to make probable the transformation of 
crithidia to trypanosome. Fantham (3) describes 
a crithidial stage in the trypanosomal develop- 
ment of T. gambic7ise, but the process is quite 
different from that of the migration theory for 
T. cruzi (1 d). These assumed intermediate 
stages, however, are incomplete and probably 
represent either the rotation of the nuclei or a 
retrogressive change in the trypanosomal forms. 
Furthermore, the intermediate stages are com- 
pletely lacking in many cultures that contain 
abundant typical crithidias and trypanosomes. 
Moreover, as Brumpt (4) has demonstrated in 
his presentation of the life cycle of T. cruzi , the 
transformation of the crithidia into the trypan- 
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osome is accompanied by a considerable reduction 
in the size of the parasitic cell, while the develop- 
ment into the crithidia is associated with an 
increase in size. Finally, the migration theory' is 
contradicted by the fact that the crithidia has 
the appearance of a mature differentiated ccl\ i 
while the trypanosome resembles a juvenile cel^ 
with structural elements quite different from those 
of the crithidia. 

My observations on T . crnzi in artificial cultures 
(la) have shown convincingly that the trypan- 
osomes develop directly by unrolling from round 
forms, which in turn are derived from the schi- 
zogony-like multiple segmentation of the nuclei 
of large cells, mostly of crithidia! origin. The 
rou'nu leasts an? either uhr swu ai f a ruAW-op 
tiypanosome, considerably^ more voluminous than 
the common leishmania, with the structural 
characteristics of the trypanosome “leishmania^ 
of second order” or are very small forms, not much 
larger than a diplococcus, consisting chiefly of a 
nucleus and kinetoplast, with little visible cyto«. 
plasm (“elementary pairs of nuclei”). 

Demonstration of the evolutionary mechanism 
under conditions of growth in the invertebrate 
host, the vertebrate host, and in cultures has been 
possible, (a) In Triatcnna , the writer has been 
able to show the existence of “leishmanias of 
second order” and to deduce their unrolling from 
the intermediate stage to the tzypanosomes. 
Likewise, minute round forms of the “elementary 
nuclei pairs” have been found, and, often in a 
single cell group, all transitional stages up to the 
mature tiypanosome are present, (b) In the 
vertebrate host Mayer and da Rocha-Lima (5) 
in 1914 demonstrated round forms morpho- 
logically identical with the “leishmanias of 
second order” and concluded that these forms 
unrolled directly to trypanosomes. Likewise, 
the “elementary nuclei pairs” and the inter- 
mediate stages of their development into trypan- 
osomes have been found by the writer and also by 
Mayer and da Rocha-Lima, judging from their 
illustrations, (c) In cultures trypanosoma! for- 
mation occurs chiefly in the blood- or cell-sedi- 
ments, inside lumps of parasites and in the 
upper-most layers of the agar, where numerous 
pre-trypanosomal stages from “elementary nuclei 
pairs” to fully-formed young trypanosomes may 
be detected. From these hiding places the trypan- 
osomes enter the supernatant fluid of the culture. 
At present it is difficult to determine the origin 
of the pre-trypanosomal stages. In cultures 


multiple segmentation occurs in both the crithidial 
and leishmanian stages and at times “micro- 
leishmania” are observed among thexound forms. 
These minute forms are considered identical, 
from a morphological and evolutionary point of 
view, with the “small leishmania forms” in verte- 
brates regarded by Mayer and da Rocha-Lima (5) 
as an intermediate stage between the “large 
leishmania” and the trypanosome. 

These observations indicate that the tiypan- 
osome is not, as ordinarily considered, a simple 
continuation of the evolution from the leishmania 
to the crithidia. Trypanosomes develop from 
the crithidia only if the latter has previously 
undergone a ripening process, generally combined 
with a muftipfe segmentation of the nucfei*. 
However, this is by no means the only or most 
frequent mechanism in the evolution of the 
tiypanosome form. Processes, as yet not fully 
explained, lead to the formation of “microleish- 
mania” and “elementary' nuclei pairs” which in 
turn develop directly into the tiypanosome. 

3, Direct observation has revealed little con- 
cerning the life cycle of T. cruzi in the human body. 
In the tissues obtained from biopsies and autopsies, 
only leishmanian forms have been found. The 
material from infected laboratory animals, prob- 
ably due to technical difficulties, is likewise 
inadequate. As a rule susceptible animals are 
infected with strains of high virulence and when 
they die after a few days, their tissues are so 
flooded with parasites as to duplicate conditions 
in artificial cultures rather than those in natural 
infections. Nevertheless, the notable difference 
between the parasite in the vertebrate host and in 
both cultures and the invertebrate host is the 
almost complete absence of crithidial forms in 
vertebrates. It is generally accepted that the 
parasites are found in nests composed of leish- 
mania or less frequently of trypanosomes, and 
very rarely of both, although mixed nests are more 
numerous than ordinarily believed. If the 
crithidia is a necessary link between, leishmania 
and trypanosome and a direct prestage of the 
latter, it should be found at least in the mixed 
nests. Its absence can best be explained by the 
supposition that crithidias are not formed in the 
vertebrate, a conclusion which the writer has 
been forced to accept from a stud}' of the literature 
and from experiments with infected vertebrates. 
The few vague and general references to crithidia 
in the vertebrates in the literature (4, fig. 148, 

5, 6) are evidently the result of mistaking the 
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crithidia-Iike retrogressive stages of trypan- 
osomes for crithidia. It appears then that the 
life cycle of T . cruzi in the vertebrate differs from 
that in culture and in Triatoma and that, in the 
vertebrate at least, the trypanosome form is not 
derived from the crithidia. 

4. The retrogressive process, i.e., the gradual 
transformation of the trypanosome into the round 
or oval form which precedes multiplication, has 
not been studied systematically, although de- 
tailed knowledge of this process' would be of 
undoubted importance in the correct interpreta- 
tion of the parasite’s life cycle. Retrogression 
occurs also in other stages of evolution and leads, 
as a rule, to the minute round form which possibly 
represents a resting stage. 

5. The “elementary nuclei pairs” seem similar 
to the “latent bodies” observed in other trypan- 
osomes by Moore and Breinl (7), Fantham (3) 
and Regendanz and Hoeppli (8). This fact, as 
well as the binary and multiple segmentations, 
which the writer has observed in the trypanosomal 
forms of T. cruzi, point clearly to the common 
origin of these species. 

6. It is doubtful whether the usual practice of 
rejecting completely the existence of sexual 
processes in the life cycle of T . cruzi can with- 
stand critical investigation. Biological consider- 
ations, observations of Adie (9) and Muniz (10) 
and my own investigations (1 a and 1 b) support 
the original idea of Chagas (2) that sexual processes 
do occur. 

It is evident that our present conceptions of 


Chagas* disease require drastic revision, especially 
as they concern the life cycle of the parasite and 
the contamination theory of transmission (1 d), 
and that further extensive investigations should 
be conducted. 
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A c<:cs aegypli is primarily a tropical mosquito. 
Its orimnal home was probably Central Africa, 
where the Stegomyia group to which it belongs 

found in greatest abundance. Being domestic 
in habits and finding suitable breeding places on 
sailing ships in the early day?, it lias been trans- 
ported to oil parts of the world. As might be 
expected, it has permanently established itself 
throughout the tropics, but ha* failed to do so in 
localities where the summers are not persistently 
hot, and particularly where there are long cold 
winters. It has become permanently established 
in the United States only in cities with a rela- 
tively mild winter, along the Gulf and Atlantic 
coasts of the Southern States. 

Freni these perennial foci it annually extends 
its range inland and northward, but to variable 
extents in different years. In former days when 
good breeding places were provided on ships, it 
frequently became established in such northern 
seaboard cities as Philadelphia, New York and 
Boston, where it was one c the cause of extensive 
outbreaks of dengue* and yellow fever. Under 
modem conditions the establishment of temporary 
fod in distant ports by ship has almost entirely 
ceased. Other forms of transportation, such as 
automobiles and freight cars, carry only a few 
of the adults. This has not proved to be ade- 
quate to establish the species in northern cities 
in sufficient numbers early enough in the summer 
season to produce a large incidence before the 
coming of frost. 

Even in local areas along the Gulf Coast and 
in inland parts of Gulf Coast states, the prevalence 
of A ales aegypli varies greatly from place to 
place, and from one year to another. The 
inauguration of an Acdcs aegypli control program 
in Texas in the summer of 1942 by the Office of 
Malaria Control in War Areas division of the 
U. S. Public Health Service, in cooperation with 

*Read at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, St. Louis, Mo. 

2 Special Consultant, Malaria Control in War Areas, 
U. S, Public Health Service, Rice Institute, Houston, 
Texas. 


the Texas State Board of Health, made possible 
a study of the distribution and ecology of Acdcs 
aegypfi in Texas. This stud.v has provided some 
interesting data, both on the actual distribution 
and on the factors that influence it. 

A survey of Texas coast cities in the early 
summer of 1942 showed a very irregular and 
“spotty” distribution of Acdcs aegypli . It was 
found to be breeding abundantly in Browns\ullc, 
Corpus Christi, Becvillc, Victoria, Houston and 
Galveston. In most of these places the index 
(i.e., percentage of premises with one or more 
breeding places) ran as high as 30 to 40 per cent 
in the untidy parts of the cities. On the other 
hand, no Acdcs aegypli were found in Kingsville, 
Freeport, Texas City, Baytown, Goose Creek, 
Port Arthur or Orange, in spite of the fact that 
suitable breeding places were abundant and 
Culex guinqucjasciatus larvae, which are often 
associated with Acdcs acgypli y were found in 
these cities. At Beaumont a survey of eight or 
ten blocks containing abundant potential breed- 
ing places revealed no Acdcs aegypli f although a 
considerable number were found breeding in 
barrels for fire protection on wharves extending 
out over the river. 

At that time no surveys were made of inland 
Texas cities except San Antonio, since previous 
observations had shown that Acdcs aegypli was 
not abundant in these cities until late in the 
summer. In 1942 the incidence in San Antonio 
was lower than in the coastal cities, but in 1923, 
when yellow fever threatened to enter from 
Mexico and some control work was done in 
San Antonio, this species was widely distributed 
and abundant. In 1943 also, the index was high, 
running up to 20 per cent in some parts of the 
city in mid-summer. San Antonio thus differs 
from other inland Texas cities in having abundant 
and widely distributed Acdcs aegypli early in the 
summer. 

Subsequent investigation of the environmental 
conditions in these various cities has thrown light 
on the reasons for this apparently haphazard 
distribution of Acdcs aegypli . In every case. 
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except in the Lower Rio Grande Valley, extensive 
early season breeding was found to be associated 
with the presence of abundant “mother foci,” 
i.e., breeding places that persist over long periods 
of time. Mother fori are protected from extremes 
of weather so that Aedes acgypti larvae can survive 
the winters in them. These mother foci have 
been found to be predominantly (1) cisterns, and 
(2) barrels for fire protection in cotton compresses 
and warehouses. 

In the Lower Rio Grande Valley the climate is 
mild enough to permit the survival of Aedes 
aegypti in numbers in the absence of any great 
number of mother foci. Sub-freezing weather 
is rare, and in some years does not occur at all. 
In the winter of 1943-44, for instance, the mini- 
mum outdoor temperature fell below freezing on 
only two occasions of two days’ duration each, 
but on the first occasion the maximum tempera- 
ture for the two days was above 65, and on the 
second occasion the maximum fell below 60 on 
only one day. Such short exposures to cold are 
not sufficient to destroy completely either the 
eggs or larvae of Aedes acgypti , although some of 
the larvae die. We have had specimens of 
Aedes acgypti larvae brought into the laboratory 
with their siphons solidly frozen in films of ice. 
These larvae survived and continued develop- 
ment unharmed when exposed to warmth. 
Acgypti larvae left exposed to temperatures in 
the 30’s and lower 40’s for several days, however, 
almost invariably succumb, apparently from 
drowning, since they become so paralyzed by the 
cold that they are unable to rise to the surface. 
According to unpublished observations made by 
Assistant Sanitarian (R) Charles J. Rohde, while 
working on the biology of Aedes aegypti in the 
Rio Grande Valley last winter, larval activity 
does not cease until the temperature gets 
below 40°F. 

Under the climatic conditions existing in the 
Lower Rio Grande Valley enough eggs and 
larvae survive in scattered exposed containers 
to provide numerous foci from which adult 
mosquitoes emerge when warm weather comes in 
March, so that by early summer, if uncontrolled, 
they are abundant and widespread. Such mother 
foci as cisterns and fire barrels are unnecessary 
for the continued propagation of Aedes aegypti 
in such localities. 

In Corpus Christi, too, the short duration of 
cold snaps during the winter is such as to permit 


a few larvae to survive in scattered exposed con- 
tainers, although both fire barrels and cisterns 
exist in sufficient number to afford hold-over 
places during the winter. 

In Beeville almost every house is provided with 
a cistern, sometimes more than one. In these 
large, permanent collections of water the tempera- 
ture does not fall low enough during the brief 
periods of cold weather to destroy larvae develop- 
ing in them. 

In Houston abundant winter hold-over places 
are provided both by cisterns and by barrels for 
fire protection. Houston had approximately 500 
underground cisterns exposed to mosquito breed- 
ing in 1942. Nearly all of them were of a bottle- 
neck type, having relatively small surface open- 
ings 4' to 6' in diameter, often partially or almost 
completely covered, but not mosquito-proof. 
The water in these cisterns never becomes cold 
enough, even during severe northers, to kill or 
even inactivate Aedes acgypti larvae. Houston 
also has probably not less than 10,000 fire-protec- 
tion barrels in cotton compresses and warehouses 
where aegypti breeding continues almost un- 
checked through the winter because the cotton 
bales supply a surprising amount of w r armth even 
in open unheated sheds. The adults can find 
protected warm places in wffiich they can survive 
during cold spells and sufficiently high tempera- 
tures at intervening times to permit them to 
mate, bite and oviposit. 

Essentially the same situation exists in Galves- 
ton, wrhere both cisterns and fire-protection 
barrels are abundant. In cotton warehouses and 
on wharves, there are probably 7000 to 8000 fire 
barrels in the city. Of cisterns, 750 have been 
recorded. The majority are large , overhead 
cypress tanks of 1000 to 4000 gallons capacity, 
but numerous underground cisterns have been 
found under houses and there are a few' built in 
attics. The winter weather in Galveston is 
milder than in Houston because of its seaside 
location. Hence it is probable that all of these 
cisterns, as w'ell as the fire-protection barrels, 
were potential and in most cases actual winter 
hold-over places of Aedes aegypti larvae. While 
many of the larvae probably develop into adults 
during w r arm periods in winter and then generally 
fail to survive, there is no doubt that some succeed 
in biting and depositing eggs. Therefore, Galves- 
ton had Aedes aegypti foci scattered all over the 
city when w^arm weather came in the spring. 
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From these foci miscellaneous secondary breeding 
places in rainfillcd containers and water plants 
could be seeded with eggs. It 3s not surprising, 
therefore, that Galveston had a widespread high 
index: of Acdcs aegypti breeding, running up to 
*10 per cent in some sections of the city. 

In contrast to Houston and Galveston the 
situation in Texas City, Baytown, and other 
neighboring cities is astonishing. A survey of 
the most 3ikc]\» parts of Texas City in July, 1942, 
failed to reveal a single breeding place of Aedex 
ccgyp!:. Texas City is less than ten miles from 
Galveston and has abundant potential back-yard 
breeding places. It docs not, however, have 
cisterns, and all its firc-protcction barrels are 
located on wharves under the control of a single 
company. All these barrels had been treated with 
crcsylic acid disinfectants in sufficient quantity 
to prevent Acdcs aegypti breeding, although 
Culex had started breeding in many individual 
barrels. The lack of these winter hold-over place 
evidently prevented the survival of sufficient 
Acdcs aegypti to start breeding in the spring. 
While it is always possible that a few adult males 
and females, or mated females, might be imported 
in automobiles or freight cars early in the season 
and start a focus from which the entire city could 
be seeded by mid-summer, this failed to occur in 
1942, 1943, or 1944. 

The same situation exists in the cities of Harris 
County outside of Houston, such as Baytown, 
Goose Creek and LaPorte. Spot checks of these 
cities failed to reveal any Acdcs aegypti breeding 
places in July, 1942, In late August of 1943 a 
similar check revealed a single premise in Bay- 
town in which two containers were discovered 
with larvae, but without pupae. It seems prob- 
able that these containers were seeded by adults 
imported in an automobile. Had this happened 
in May or June, this city might have had wide- 
spread Acdcs aegypti breeding by late summer. 
Places without winter hold-over places but situ- 
ated in proximity to cities like Houston or Galves- 
ton, therefore, constitute a separate problem each 
year. Although the}'- may be entirely free of 
Acdcs aegypti breeding in one year, this is no 
guarantee that they will be so in another year. 

An unusual situation was found in San Antonio. 
In spite of the fact that this inland city has a more 
severe winter climate than any of the Gulf Coast 
cities, and has no cisterns and very few fire- 
protection barrels, it differs from other inland 


Texas cities in developing a prevalence of Acdcs 
aegypti breeding in the early part of summer. 
The reason for this did not become apparent 
until it was discovered that there are a number of 
large areas on the outskirts of the city where 
there is no piped water supply. In these places 
drinking water is either delivered by trucks and 
stored in barrels or tubs or is drawn from shallow 
wells. Most of the temporary storage places for 
drinking water are located outside the houses, 
where cold weather destroys all of the larvae and 
most of the eggs during the winter. A fraction 
of the eggs could survive if they remained un- 
hatched, but during periods of warm weather 
intervening between cold snaps, they hatch and 
tire larvae are destroyed by subsequent cold 
weather before thej> are able to mature. 

The shallow wells, on the other hand, constitute 
good mother foci, since they are deep enough in 
the ground to be protected from the extremes of 
cold. Active breeding, although slow, takes 
place in them throughout the winter. Many 
are lined with wood, brick, stone or concrete, but 
several with on\y hard clay walls were found to be 
breeding. 

In the spring, adult mosquitoes emerging from 
these mother foci begin breeding in great numbers 
in stored drinking water in barrels and tubs. 
The hordes of mosquitoes later emerging from 
these find ideal hiding places in automobiles 
parked alongside of their breeding places, for 
many of the residents of this area have cars, but 
few have garages. The mosquitoes might then 
be carried into the city where, when liberated, they 
could start numerous new foci from which the 
entire city could become infested fairly early in 
the season. 

The situation in Beaumont in July, 1942, was 
interesting in comparison with this. Here, as 
already remarked, no breeding places were found 
in the parts of the city where it was thought 
they would be most likely^ to occur. The only 
exceptions were some untreated fire-protection 
barrels on wharves built out over a river where 
bales of cotton were stored. In this case, however, 
no parking places for cars were located within 
flight range of the mosquitoes, and the prevailing 
breeze was out over the water. So the oppor- 
tunities for the mosquitoes to be carried to other 
parts of the city and successfully establish them- 
selves In scattered places were minimized. By 
these fortuitous circumstances Beaumont was 
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apparently protected from an early prevalence 
of the mosquitoes, even with a focus right at 
hand. In 1943 somewhat more extensive breed- 
ing was found in this city. Possibly some of the 
mosquitoes which were breeding on the wharves 
succeeded, later in the season of 1942, in escaping 
to other parts of the city, perhaps in trucks in 
which cotton bales had been delivered. Thus 
dispersed, they apparently were successful in 
surviving the winter of 1942-43 in more scattered 
places. * 

The available evidence with respect to the over- 
wintering of Acdes aegypii on our Gulf Coast 
suggests that some winters may be much more 
favorable for survival than others, and that the 
distribution as well as the total duration of cold, 
weather may be important. Rozeboom (1939) 
found that in Stillwater, Oklahoma, large numbers 
of eggs kept dry on sand throughout the winter, 
and when not exposed to rain or snow, produced 
vigorous adults. During the winter there were 
several periods when the temperature dropped 
considerably below 0°C. for four to nine days in 
succession. Eggs that were exposed to rain and 
snow, however, failed to produce any adults. 
Assistant Sanitarian (R) S. P. Hatchett, working 
with me in Houston, Texas, during the winter of 
1943-44, found that a high percentage of eggs 
hatched after being exposed to the Houston 
winter, whether kept dry or immersed in water. 
Here, however, during the course of the experi- 
ments, the minimum daily temperature fell below 
freezing only four times, and only once on two 
successive days. The maximum temperature 
was above 60 on most of the days, rising to between 
70 and 75 on some occasions. The result was 
that the majority of the wet eggs that were viable 
produced larvae in the course of the winter. The 
great majority of these larvae, when exposed to the 
extremes of cold, failed to survive, especially if 
not well fed. Larvae that had recently molted 
Were especially susceptible. On the other hand, 
larger numbers of larvae survived in containers 
which were partly buried in the ground or in 
piles of loose debris, especially when there was a 
layer of decomposing leaves on the bottoms of the 
containers. Under these conditions the larvae 
matured very slowly, requiring up to 55 days 
before pupating, and only 20 per cent succeeded 
in reaching the adult stage. 

In the light of these data it seems probable that 
submerged eggs exposed to alternations of cold 
and warm weather may produce fewer adult 


mosquitoes than those exposed to continual cold. 
A warm spell of weather will permit some of the 
eggs to hatch into larvae. A subsequent cold 
snap will then destroy a considerable portion of 
these. If a few survive and finally become adults 
before the last cold weather of the winter, these 
are very likely to be destroyed unless they find 
shelter indoors, since they die within an hour at 
temperatures below 40°F. The extent to which 
Acdes aegypii survives the winter along the Gulf 
Coast, therefore, probably depends on the manner 
of alternation of cold and warm periods of weather 
more than it does on the severity of sudden cold 
snaps or on the mean temperature for the winter. 
If it were not for the fact that the eggs hatch at 
very irregular intervals (from 1 J to 43 days after 
immersion) the mortality would probably be still 
higher. 

In small communities, then, there may be con- 
siderable fluctuations from one season to another 
in density of Aedcs aegypii , or even in its presence 
or absence. This fact is of importance in con- 
nection with control programs. This fluctuation 
could be due to variations in the distribution of 
cold weather in different winter seasons, or to the 
chance introduction of Acdes aegypii from neigh- 
boring infested cities, or from more or less isolated 
foci. Failure to find Aedes aegypii in Baytown 
or Texas City, for instance, in one season does not 
necessarily guarantee that a similar condition will 
exist in another season. The chance introduction 
of males and females, or of impregnated females, 
from Houston or Galveston, respectively, might 
result in an early start of breeding in these com- 
munities in any year, resulting in a widespread 
prevalence of the species by mid-summer. Re- 
surveys of such places are, therefore, necessary 
in different seasons and from time to time in a 
single season. Comparison of the incidence of 
breeding in Beaumont in 1942 and in 1943, re- 
ferred to above, demonstrates the truth of this 
hypothesis. 

In control operations directed towards a rapid 
reduction of the Aedes aegypii population of a city, 
it is obvious from the observations reported above 
that particular attention should be directed 
towards permanent or semi-permanent “mother 
foci” from which such secondary breeding places 
(such as tin cans, tires, roof gutters, animal drink- 
ing pans, containers holding water plants, etc.) 
are seeded. During the summer these secondary 
breeding places are able to maintain themselves 
irrespective of the larger and more permanent 
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loci, and a large part of a control program, both 
inspectional and educational, may have to be 
directed against them. During the winter, how- 
ever, attention to the mother foci may result 
in a very marked delay in the prevalence of 
breeding in secondary breeding places in the follow- 
ing season, and in a gratifying reduction in aegypli 
density, at least until late in the season. 

This has been fully demonstrated in Galveston. 
An initial survey in the summer of 1942 revealed 
A ales aegypli breeding in as high as 40 per cent 
of the premises in some of the worst sections of 
Galveston, close to Hie heart of the city. In the 
summer of 1944 the breeding index in these sec- 
tions had been reduced to from 1 to 3 per cent. 
While part of this reduction was unquestionably 
due to inspcctional work and public education, 
we are convinced that a considerable part of it 
was due to the abolition of mother foci by destruc- 
tion, scaling, stocking with Gambusia, mosquito- 
proofing or larviciding of cisterns, and the larvicid- 
ing of fire barrels. 

Such measures might suffice for the complete 
elimination of Acdcs aegypli in relatively small 
communities such as Texas City* or Port Arthur, 
but would probably never be sufficient for this 
purpose in cities as large as Galveston, San 
Antonio or Houston, since the chances of this 
mosquito surviving the winter in hidden mother 
foci such as flooded basements, sumps, etc., or 
even in occasional protected secondary foci, are 
increased more or less proportionately to the size 
of the city. 


SUMMARY 

The prevalence of Acdcs aegypli in early summer 
in Texas cities is very variable. Only in the Lower 
Rio Grande Valley is the winter climate mild 
enough to allow this mosquito to survive, without 
protected hold-over places, in sufficient numbers 
to produce a high incidence of breeding early in 
the season every year. In other cities early 
prevalence of breeding is associated with abun- 
dance of protected winter hold-over places, 
especially cisterns, fire-protection barrels in com- 
presses and warehouses, or shallow wells. In 
cities having only a few such hold-over places, a. 
high breeding index does not develop until late 
summer, and in many smaller cities such an index 
may not develop at all unless the mosquitoes are 
imported from elsewhere in automobiles or 
freight cars. In such cities the occurrence and 
prevalence of Acdcs aegypli may vary from 
year to year depending on whether or not such an 
importation occurs early in the season. In 
coastal cities, alternation of cold and warm periods 
during the winter has a harmful effect on the 
survival of Acdcs aegypli , and may be more 
important in holding the insect in check than the 
extremes of cold, or the total amount of cold 
weather. 
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As a part of the general study of immunity in 
malaria, it was noted that animals known to 
have the Forssman antigen in their tissues largely 
represent the group of vertebrates that are not 
hosts to malaria. Upon doser examination of 
this coindden ce, there appeared to be a high 

TABLE 1 

The animals itt which the Forssman hapten is present 
and those in which it is absent (Boyd, 1) 

The animals known to be hosts to spedes of malaria 
are indicated by an asterisk (*) 


HAPTEN PRESENT 

HAPTEN ABSENT 

chicken* 

cuckoo* 

ostrich 

cross bill* 

turkey bustard 

goose* 

whale 

owl* 

horse 

pigeon* 

camel 

sparrow hawk 

goat 

wagtail 

sheep 

cattle 

guinea pig 

deer 

hamster 

Pig 

mouse 

roe 

dog 

rabbit 

fox 

rat 

wolf 

several monkeys* 

cat 

chimpanzee* 

lion 

gibbon 

ocelot 

macacus rhesus* 

puma 

man* 

tiger 

baboon* 

lemur 



correlation between these two apparently un- 
related phenomena. The pertinent data appear 
in table 1. The hapten, when present, usually 
occurs in the organs but not in the erythrocytes. 
In the sheep and goat, it occurs only in the eryth- 
rocytes; in the chicken, in both the organs and 
the erythrocytes. 


Plasmodia have been found in the jumping rat i 
the water buffalo, and the duiker antelope; 
whether these animals have Forssman antigen 
is not recorded, but they will possibly resemble 
their relatives in the second column. The 
parallelism between the absence of the hapten 
and the susceptibility to malaria is striking; 
likewise, with one exception (chicken), there is a 
remarkable absence of observed malaria among 
animals having the antigen. The one exception, 
the chicken, is itself unusual, in that the antigen 
occurs in both the organs and the erythrocytes. 

Although many kinds of disorders and condi- 
tions seem to influence the susceptibility of animals 
to malaria, among which may be named various 
dietary effects, injections of materials certainly 
not possessing antigenic powers, and increasing 
age, it was thought worth the trouble to investi- 
gate the effect of prior spaced injections of tissue 

material known to contain the Forssman hapten. 

- 

MATERIALS AND METHODS 

A strain of Plasmodium lophurae was used 
which originated from Dr. E. 3L Marshall’s 
laboratory. Pekin white ducklings from a com- 
mercial source served as the experimental animals. 
The materials employed as a source for the hapten 
were horse kidney, guinea-pig kidney, and sheep 
red cells. In each instance, care was taken to 
prepare the material for use as rapidly as possible, 
in order to avoid the effects of bacterial activity 
and autolysis. The doses were purposely large; 
and the injections were spaced from two to five 
days apart, in three to six doses subcutaneously. 
The measures of an increase in resistance to a 
standard infecting dose (10 million plasmodia 
intravenously) were: (1) survival past the twenti- 
eth post-infective day; (2) unusually low per- 
centage of parasitization of the erythrocytes; (3) 
absence of obvious signs of illness. These indica- 
tions, in combination with proof of virulence 
151 
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of the infecting dose as shown by fatal infections 
in the control animals, were accepted as evidence 
that the manipulations performed upon the test 
animals had had some beneficial effect. 

EXPERIMENTS 

(1) Guinea-Pig Kidney Suspensions 

Several experiments with this material were 
performed. It was found that ducklings given 
subcutaneous injections of one-half cc. of fresh 
suspension (1-10 in saline) of guinea-pig kidney 
in four doses separated by three days were not 
benefited; five test animals died on the ninth and 
tenth post-infective days with severe infections 
(90 per cent or more of the red cells parasitized). 
They behaved exactly like the control animals. 
In the same experiment, a portion of the guinea- 
pig kidney suspension was heated in a boiling 
water bath for one-half hour before injection. Of 
three ducklings treated with this material, two 
showed an increased resistance; one survived after 
a mild infection (3-5% parasitization of red cells) , 
and the second died on the thirteenth day, when 
peripheral parasitization had declined to less than 
25 per cent. 

The second experiment of this series, therefore, 
made use of heated guinea-pig kidney suspensions. 
A 1-10 saline suspension was heated in the auto- 
clave at 10 pounds pressure for 15 minutes, and 
one cc. doses four days apart were given three 
times. Nine test ducklings and three controls 
were used, with the result presented in table 2. 

Six of nine test ducklings survived an infection 
which killed all of the control animals. This is 
an unusual result, because the strain used in this 
laboratory will uniformly kill 80 per cent of all 
untreated ducklings before the tenth post-infective 
day. 

In order to confirm this finding, another experi- 
ment was performed along the same lines. The 
guinea-pig kidney suspension was prepared in the 
same manner, and six test ducklings were injected 
subcutaneously with one-half cc. doses four times, 
two and three days apart. However, of the six 
animals only one survived beyond the ninth 
post-infective day; all the others died of malaria 
on the eighth and ninth days. In the same 
experiment, six additional ducklings were given 
one-half cc. of 50 per cent hog serum mixed 
with the guinea-pig kidney suspension; these 
ducklings all succumbed as well. 

Because of the failure of this second attempt, 


the method of preparing the guinea-pig kidney 
material was changed in a number of ways: (a) 
larger doses were used; (b) they were spaced 
farther apart; (c) the suspension was separated 
into sediment and supemate; (d) hog serum 
alone was used; (e) the suspension was heated 
in a water-bath; (f) sera from rabbits immunized 
against guinea-pig kidney were used therapeu- 
tically. AH of these variations of method yielded 
only negative results; the experience of the first 
promising experiment could not be repeated. 


TABLE 2 


WEIGHT OF 

ducklings, 
1st post- 
infective 
DAY 

PARASITIZATION OF ERYTHROCYTES*. PERCENT- 
AGES ON— POST-INFECTIVE DAY 

7th 

8th 

9th 

10th 

nth 

12th 

14th 

18th 

25th 

gms. 










Test animals 










664 

5 

5 

5 

3 

0.5 

v.r.* 

0 

0 

0 

680 

10 

5 

v.r. 

0 

0 

0 

0 

0 

0 

472 

40 

50 

20 

5 

1 

1 

0 

0 

0 

700 

60 

80 

70 

25 

10 

10 

0 

0 

0 

700 

50 

50 

80Df 







736 

50 

80 

SO 

25 

1 

0 

0 

0 

0 

568 

50 

90 

95D 







556 

70 

90 

90D 







610 

70 

70 

50 

50 

25 

15 

1 

! o 

; o 

; 0 

Control 







1 


! 

animals 







I 



820 

60 

90 

90D 



i 




630 

70 

90 

I90D 




1 



660 

70 

!90 

1 90D 



1 





* v.r. == very rare parasite seen, 
f D = died from malaria. 


(2) Horse Kidney 

Horse kidney also contains the Forssman 
antigen. It was therefore employed as source 
material for experiments similar in outline to 
those described above. The results were as 
follows: 

20 -day survivors 

(a) Heated horse kidney 

suspension 2/7 (2 of 7 test ducks) 

(b) Hot alcoholic extract 2/ 6 (2 of 6 test ducks) 

(c) Hot alcoholic extract 

with hog serum. . . 0/7 (none of 7 test ducks) 

(3) Sheep Erythrocytes 

Sheep ceUs were washed with saline and then 
used as source for material to be injected in 
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similar experiments. Seven ducklings were given 
five subcutaneous doses of autoclaved washed 
sheep cells. None survived a standard infection. 

(4) Injected Ditch Erythrocytes 

In a similar experiment, duck’s blood heavily 
infected with P. lophurac was washed with 
saline, then heated in autoclave for 10 minutes 
at 15 pounds. No protective effect was found. 

COMMENT 

The experiments described in this paper appear 
not to support the thesis that the thermostable 
haptens contained in the materials used for 
“immunization” arouse any kind of useful defense 
against malarial infections in young ducklings. 
The result of an early promising experiment 


could not be brought out again, even though a 
number of variations in procedure were tried. 

SUMMARY 

There is an intriguing parallelism between the 
known absence of the Forssman hapten in man 
and certain animals and the known susceptibility 
of man and these animals to plasmodial infections. 
Experiments outlined in this paper designed to 
increase the resistance of ducklings to infections 
of P. lophurac by preliminary treatment with 
materials containing this hapten have yielded 
largely negative results. 
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The epidemiologically effective flight range of 
the vector is an important factor to be considered 
in any malaria-control program, however large 
or small. The entire anti-mosquito aspect of the 
problem can often be arbitrarily limited to a zone 
of 1 to 2 miles about the point or points at which 
it is desired to attack the disease. Anopheles 
quadrimaculatus S&y } for example, has usually been 
considered capable of movement in significant 
numbers only for a distance of about 1 mile from 
its breeding areas. The evidence is very con- 
vincing that, under normal conditions, control 
of the breeding of this species for a distance of 1 
mile about a locality will insure protection against 
malaria in that locality. This practice has been 
utilized by the Tennessee Valle) 7 Authority in its 
huge anti-malaria program. The conclusions of 
LePrince and Griffitts (1917), Smith et al. (1941), 
King et al. (1942), and others to the effect that 
the flight range of A. quadrimaculatus is not, as a 
rule, over 1 mile were never doubted by the 
writers. However, it was suspected that in an 
area of unusually heavy production, there might 
be an appreciable movement of this species beyond 
this accepted 1-mile distance. If such were the 
case, it would not always be a safe practice to 
limit anti-mosquito measures to a zone of 1 mile. 

The conditions in the present study-locality 
(Fort duPont, Delaware) are such as to greatly 

1 This paper is the result of work carried on under 
the joint sponsorship of the Delaware Agricultural 
Experiment Station and the Delaware State Highway 
Department, Mosquito Control Division. The study 
was accomplished under the supervision of Dr. Paul L. 
Rice, Acting Head of the Department of Entomology 
of the Experiment Station. This is publication 193 
and scientific article 119 by that department. 

2 The authors wish to express their appreciation to 
Dr. L. A. Stearns for suggesting the investigation and 
for valuable contributions toward the plan of the work; 
and to Dr. Paul L. Rice, for many useful suggestions 
concerning the manuscript. 

3 At present, with the Health and Sanitation Division 
of the Institute of Inter-American Affairs, Bogota, 
Colombia, S. A. 


facilitate an investigation of the flight range of 
this species, owing to the very high productivity 
of the general area and to the additional fact 
that very small numbers are produced outside 
of its central portion. The later sections of this 
paper will, it is believed, amply substantiate the 
statement that this locality is a heavy producer 
of A . quadrimaculatus . 

Previous records for this species at Fort duPont 
had shown its very high abundance there. Within 
a radius of 4 miles from this Post, two large fresh- 
water marshes, the St. Georges Basin and the 
Dragon Creek Impoundment, are present, both 
of which are heavy producers of this species. 
The former includes about 1200 acres, three- 
fourths of which is productive, and the latter 
about 250 acres, all of which is productive. The 
vegetation in each case is naturally conducive to 
the development of this anopheline. 

There is present a considerable diversity of 
dominant plants which occur in rather localized 
areas. These dominant species, such as Typha 
angusiifoUa L., 7\ latifolia L., Sagillaria lalifolta 
Willd., Pontcdcria cordala L., Nymphaca advena 
Ait., and Pcrsicaria spp are found along with 
numerous associated forms of such genera as 
Potamogcton , Lemuel , Elodca, Ccralophyllum , and 
Utricular ia . The hydrogen-ion and salt concen- 
trations have generally been favorable to A . 
quadrimaculaius production in both areas. In the 
larger area, where the most intensive breeding 
of this species occurs, pH values are neutral or 
slightly alkaline. The smaller area, with pH 
values neutral to slightly acid, tends to produce 
Anopheles walker i Theob. in greater numbers 
than A. quadrimaculatus . A view of a typical 
breeding situation, with principally Sagillaria 
latifolia y is shown in figure 1. 

METHODS USED IX THE FLIGHT RANGE EXPERIMENT 

Four cattle bams or sheds were selected at 
each of six distances from the nearest ix>int of 
major breeding in either the Dragon Creek or St. 
Georges Basin areas. Each distance was, there- 
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fore, replicated 4 times. The distances selected 
were 0.1, 0.5, 1.0, 1.5, 2.0, and 3.0 miles, re- 
spectively. No means was available to control 
the small amount of breeding that may have 
occurred in local situations closer to the stations 
than the two major areas from which these 
distances were taken. Hence, no claim is made 
that this is a critical study of the absolute flight 


mosquitoes, but the same sample areas in each 
station were used at all inspections. For the 
stations closest to the breeding areas, approxi- 
mately 1200 mosquitoes were identified as to sex 
and species for each station during the period of 
the study. ObviousU^ stations with low densities 
did not furnish such a large sample for identifi- 
cation. 



Fig. L Typical A. Quadrimaculatus Breeding Conditions in the Fort duPoxt, Delaware Area 


range of this mosquito, although it is felt that the 
results are fully conclusive as further verification 
that the effective flight range in areas of normal 
production is not over 1 mile. Two nail kegs 
were placed in sheltered positions near each bam 
or shed. 

Generally, IT inspections were made of each 
barn or shed during the summer. The numbers 
of mosquitoes present at each inspection were 
estimated, and a sample was taken for later identifi- 
cation. Estimates were based upon actual counts 
in sample areas representative of the total area 
in each station, and upon identifications of the 
mosquito samples. The combined sample areas 
in each station varied from one-fifteenth to one- 
fourth the total area, depending upon the nature 
of the building and the general abundance of 


VARIATIONS IN DENSITY AT VARYING DISTANCES 
FROM THE PRODUCTION CENTER 

Table 1 includes the estimates of the numbers 
of this species present per inspection per cattle 
bam or shed. The numbers collected from the 
nail kegs are also shown. The data in tabic 1 
(which are presented graphically in figure 2 ) 
clearly reveal that there is a very marked decline 
in the numbers of this species at increasing dis- 
tances from the breeding area. 

Furthermore, it is obvious that there is a close 
correlation between the records obtained from 
bams or sheds and those obtained from the nail 
kegs. However, due at least to the small numbers 
taken and the erratic nature of the sizes of the 
catches in the nail kegs, these records are con- 
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sidered inferior to those of the cattle bams and 
sheds. The number present per bam or shed per 
inspection at the 0.1-mile distance was 4963, 
and the decline in numbers was very marked as 
the distance from the breeding areas was increased 
to 1 mile, only 250 being present per bam or shed 
per inspection at that distance. At 1.5, 2.0, and 
3.0 miles veiy few were present. Likewise, at 
the 0.1-mile distance, there were 9.5 present per 
keg per inspection, and the decline in numbers 
as the distance increased is of much the same order 

TABLE 1 

Densities of Female Anopheles qnadrimaculatus as 
Measured by Estimates Made in Cattle Barns or 
Sheds and Collections from Nail Kegs at Varying 
Distances from the Sources of Production * 


DISTANCE 

TROiT 

BREEDING 

SOURCE 

in miles 

BARN OR SHED , 

NALL LEGS 

Average i 
number per 
inspection 1 

Relative 
density! ( 

Average i 
number per 
inspection 

Rclati\e 

densityf 

0.1 

4963 

100.0 

9.5 

100.0 

0.5 

2506 

50.5 

3.0 

31.6 

1.0 

250 

5.0 

0.4 

4.2 

1.5 

10 

0.2 

0.2 

2.1 

2.0 

4 

t 

t 


3.0 

3 

t 

t | 



* Four stations, each composed of a cattle bam or 
shed and 2 nail kegs, were used to establish the data 
for each distance. The records involve, generally, 
17 inspections of each station during the summer. 
Most of the inspections were made by the junior 
writer, but some were made by the senior writer and 
Mr. Harvey L. Chada. 

f Density expressed as a percentage of that cxistant 
at the source of production (0.1 mile distance), the 
latter density being taken as 100 per cent. 

f Less than 0.1. 

as that for the bam and shed data. It is apparent 
that the records obtained by the one method fully 
corroborate those obtained by the other. 

Expressed on a percentage basis at the 0.5-mile 
distance, only 50.5 per cent as many A . quadri - 
maculatus were present as at the 0.1-mile distance. 
Actually, one of the stations listed as a 0.5-milc 
station (Location No. 14, figure 5), was only 
0.3 mile distant from the production source and, 
for other reasons, it was a very favorable location. 
Therefore, the large numbers present there served 
to augment considerably the otherwise lower 
figure for the 0.5-mile distance. The 1. 0-miIc 


stations had only 5.0 per cent as many as did the 
0.1-mile stations, and the 1.5, 2.0, and 3.0-mile 
stations showed increasingly smaller percentages. 

Considering the data of table 1 from the purely 
biological standpoint, it is obvious that this 
mosquito has a relatively short distance of move- 
ment. There is, naturally, a great dispersion of 
numbers as the distance from a breeding source 
is increased. The size of the sample (speaking 
in terms of the number of stations used at the 
different distance zones) should, therefore, be 
increased proportionally to the increase in the 
area of one zone as compared to another to give 
a true picture of movement to each distance. 
In this study, due particularly to the nature of 
the terrain with respect to the breeding areas 



Fig. 2. Graphic presentation of the data in table 1, 
showing the densities of female A . quadriviaculalus 
at varying distances from the sources of production. 


and to the unavailability of additional stations, 
this was not done. However, considering the 
nature of the terrain and the conclusiveness of 
the data along with this dispersion factor, there 
is no reason to believe that the graphic presenta- 
tion of figure 2 is not a reasonably accurate picture 
of the movement of this species from its sources 
of production. Also, considering the question 
from the malarial rather than from the pure!}' 
biological aspect, it is the numbers that have 
reached a given distance per unit area (density) 
rather than the total numbers having readied 
that distance, irrespective of that area, that is 
important. 

An average of 250 female A . quadrimoculaUis 
per bam or shed per inspection is obviously a 
dangerous density of this spedes. This was the 
number found at the 1-mile distance. Smith 
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(1942), reporting upon work in a malarious area 
for the Tennessee Valley Authority, considered 
the presence of 109 A. quadrimaculatus per bam 
per inspection to be a high density. The numbers 
of females of this species taken at the 1-mile 
distance were sufficient to warrant the conclusion 
that most of these came from the breeding areas 
under consideration; furthermore, that when 
production in a given area is very heavy this species 
may find its way as far as 1 mile, or slightly 
beyond, in numbers which could constitute a 
potential definitive host reservoir sufficient for 
the propagation of malaria. It may be said, also, 
that probably at least half of those found at the 
1.5-mile distance (10 per bam or shed per inspec- 


PRODUCTION OF THE SPECIES IN THE CENTER 
UNDER STUDY 

In order to establish the high productivity of 
this species in this study-locality, table 2 and 
figures 3 f 4, and 5 are presented. Figure 3 shows 
A. quadrimaculatus resting on the walls of a 
section of a cattle bam in the St. Georges Basin 
area in September, 1941. The estimate made 
by the senior writer of about 40,000 of this species 
in this shed at a single inspection that year was 
reported by Steams and Lynch (1942). Inspec- 
tions of other bams and sheds during the period 
of this study (summer of 1942) have revealed as 
many as 15,000 to 25,000 on numerous occasions, 
and concentrations greater than that here shown 


TABLE 2 

Estimated densities of female A . quadrimaculatus in the four cattle barns or sheds closest to the St. Georges Basin 
(near Fori duPonl , Delaware) during the summer of 1942* 


DATES OF INSPECTIONS 


LOCATION 

May 

June 

July 

August 

September 

TOTALS 


19 

26 

9 

19 

26 

3 

9 

16 

22 

28 

* 

12 

26 

s 

14 

22 

28 


No. 13 






HI 













(Thorpe) . . . 

63 

313 

4,013 

4,624 

5,502 

BISS 


16,321 

9,533 

15,823 

2,873 

4,407 

1,728 

5,123 

1,247 

393 

192 

93, 233 t 

No. 14 (Myrre) 
No. 19 


985 

6,396 

3,605 

10,875 


6,150 

6,596 

7,941 

15,259 

12,769 

6,344 

2,336 

9,221 

4,815 

4,784 

434 

119,570* 

(Denison). J 
No. 20 

10 

7 

4,259 

4,829 


21,468 

17,583 

17,990 

18,771 

25,814 

13,992 

11,855 

11,765 

17,719 

9,467 

5,B32 

0 

197,6415 

(Price) i 

12 ! 

279 


1,508 

B 

2,349 

449 

914 

791 

4,646 

1,005 

1,423 

298 

759 

765 

458 

12 

! 20 ( 567f 

Totals J 

85 1 

1584 

17,058 

14,566 

35,166 

62,302 

27,835 

41,821 

I 

37,036 

61,542 

30,639 

24,029 

16,127 

32,822 

16,294 

11,467 

638 

431,011 

Average 

28 j 

396 1 

4,265 

3,642 

8,792 

15,576 

6,959 

10,455 

9,259 



; 6,007 



4,074 

2,867 

, 160 



* See text lor an explanation of the method used in arriving at estimates, 
f Represents S2 per cent 
% Represents 96 per cent. 

% Represents S5 per cent. 

^ Represents SI per cent of the total mosquito estimate, males and females. 


tion) came from the breeding areas under study. 
These flights up to 1 mile and beyond, contrary 
to the flights of 2.25 and 2.50 miles, as described 
by Eyles and Bishop (1943), were made despite 
the fact that cattle barns and homes, both with 
abundant sources of blood, were available at 
much shorter distances. Such movement from 
very large, heavily-producing, breeding areas to 
a distance of slightly beyond 1 mile may be suffi- 
cient to necessitate at least reasonable surveil- 
lance in the anti-malaria campaign. This study, 
however, fully confirms the conclusions of other 
authors that A. quadrimaculatus, in the great 
majority of situations where it is an important 
vector, does not move in significant numbers more 
than 1 mile from its breeding places. 


(figure 3) have been fairly common. As previously 
stated, two large breeding areas, totalling nearly 
1500 acres, constitute the productive center under 
study. 

Figure 4 is a view of females of this species over- 
wintering in a vegetable cellar (the photograph 
taken on January 19, 1943). Approximately 
10,000 were present in this same cellar about 
December 1, 1941; Huffaker (1942). Hinman's 
(1934) report of very large numbers of over- 
wintering females of this species was the only 
previous record of such large numbers, and W. V. 
King’s remark, as a part of the discussion follow- 
ing Hinman’s paper, shows clearly that such 
concentrations of over-wintering females are very 
unusual. Huffaker (1942) noted that, although 
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very large numbers of this species had entered 
hibernating quarters in this area in October and 
November, 1941, only a small number, 2 to 4 
per cent, survived until the following spring. It 
was observed that, contrary to the condition in 
summer, females of ^4. quadrimaculaius in cold, 
hibernating, situations may not assume the erect 
resting position, but instead are found often in an 
almost recumbent position (parallel with the 
surface upon which they rest). 

Regarding the expression, “area of high density,” 
for this species, Smith (1942), as previously 
stated, considered the presence of 109 A . quadri- 
maculatus per barn per inspection as an indication 
of such an area. Compared to the Delaware 
records, this is a low density, but compared to 



Fig. 5. Graphic presentation of the data in table 2, 
showing the densities and seasonal fluctuations in 
abundance of female A. quadrimaculatns in the four 
stations nearest the St. Georges Basin. 

his other group might be looked upon as high. 
On the other hand, Horsfall (1942) caught in the 
neighborhood of 1500 of this species with a single 
New Jersey light trap on each of several different 
nights. Since it has been shown by both Horsfall 
(1943) and Huffaker and Back (1943) that this 
trap may be a very inefficient means of capturing 
this species (100 per night per trap was a maximum 
figure for the Fort duPont, Delaware, area), 
Horsfall's record of 1500 is evidence of excep- 
tionally high density or else exceptional efficiency 
of the trap on those particular nights. 

Breeding of A . quadrimaculatns , in the Fort 
duPont area, averaged 3.20 larvae and/or pupae 
per dip in July; 2.64, in August; and 1.66, in 


September, during the season of this study (a 
total of 2500 dips). Breeding was approximately 
comparable, though somewhat less, in 1941. 

Figure 5 is a graphic presentation of the 
estimates of the numbers of female A. quadri- 
maculaius present at each inspection of the four 
stations closest to the St. Georges Basin during 
the period of this study. The average for the 
four stations is also included. These graphs were 
plotted from the data recorded in table 2. 

SEASONAL FLUCTUATIONS IN NUMBERS 

The data in table 2 and figure 5 establish a 
condition of heavy production of this anopheline 
and also may be viewed as a measure of seasonal 
fluctuations in the abundance of the species. The 
area considered herein is one which lends itself 
well to a study of the number of broods of A. 
quadrimaculatns , due not only to the extreme 
productiveness of the area but, as well, to the fact 
that the breeding situations are little affected 
by seasonal variations in rainfall. Hence, 
fluctuation in numbers may be taken as an indica- 
tion of broods developed rather than pure!)' the 
result of variations in rainfall and the consequent 
changes in the size of the breeding area. During 
the season of 1941, the senior writer found, from 
unpublished data, that a brood of -4. quadri - 
maculatus seemed to have been produced at about 
30-day intervals, one appearing in the early part 
of each of the months of July, August, September, 
and October. During that year, no observations 
had been made in May or June. The results, 
reported herein for 1942, are a verification of the 
1941 observations. Examination of figure 5 
will reveal brood indications during early June, 
early July, very late July (or very earl}' August) 
and early September, 1942. Observations were 
discontinued before evidence of a brood in October 
became apparent. It may be noted that only one 
observation is contradictor}' to the existence of 
such peaks of abundance. This observation, on 
July 16 at Location No. 13, was not sufficient to 
change the aspect of the average curve. The 
June brood is certainly not clearly shown, but 
when it is considered that the over-wintered 
female population was very low, the evidence is 
adequate. In this connection, over-wintering 
females were observed to resume reproductive 
activities by the middle of March, and the first, 
male, A . quadrimaculaius was collected on May 19. 
Assuming, as did Hurlbut (1943), a very early 
brood too small lobe quantitatively detected, about 
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the early part of May and another during Novem- 
ber, it seems likely that 7 broods of A. quadri- 
fnaculatus are produced annually in Northern 
Delaware. 

It is admitted that a much clearer and more 
dependable picture of brood production could 
have been obtained by making observations at 
frequent intervals (such as every four days). 
However, considering these results and the un- 
published data of 1941, it is believed that these 
peaks do represent the production of broods. 
While Huffaker (1944) has reported that this 
species may complete all larval and pupal develop- 
ment in as little as 7.3 days under optimum condi- 
tions, a period of 30 days between broods in 
nature is not unexpected. Under optimum condi- 
tions of temperature and food supply, 9 to 10 
days would be required from freshty-deposited egg 
to freshly-emerged adult. Also, from 4 to 6 
days might be required for sexual maturation 
of the emerged female, the securing of a blood 
meal, and development of the ova and their 
deposition. Hence, under such conditions, 13 
to 16 days would be required for the comple- 
tion of a cycle. Considering the fact that food 
supply and temperature are probably never as 
favorable in an extensive breeding area as was the 
case in the controlled experiments of Huffaker 
(1944), it is expected that about 4 weeks would be 
required for the completion of a cycle under 
natural conditions in this area. This record is 
also in accord with the period between broods of 
this species as reported by Boyd (1930). 

SUMMARY 

A study is reported which confirms previously- 
published conclusions that, under normal condi- 
tions, A. quadrimaculatus docs not move in 
significant numbers more than 1 mile from its 
breeding sources. However, an unusual condition 
is described where this species was observed to 
move 1 mile from its breeding areas in sufficient 
numbers to create a dangerous density 2a0 
females per bam or shed per inspection. Near 
the sources of production, densities as high as 
15,000 to 25,000 females per station per inspec- 
tion arc noted as very common, and one such 
record of 40,000 is included. In the study- 


locality (Fort duPont, Delaware) broods of this 
species are indicated at about monthly intervals 
during the summer season. 
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TOXOPLASMOSIS MISTAKEN FOR HISTOPLASMOSIS IN A CAT 

Henry D. Melenry 


\ 


Errors sometimes creep into medical literature, 
and are subsequently quoted as facts in text- 
books and other publications, thus encumbering 
the literature with misstatements which it is 
difficult to correct. For this reason, I venture 
to make the following correction as soon as possi- 
ble. No criticism is intended of the authors 
quoted since the original error was caused by 
lack of experience with the parasites involved. 

In the paper entitled, “Spontaneous Histo- 
plasmosis Occurring in a Dog” by William P. 
Callahan, Jr., published in the Aaierican Journal 
of Tropical Medicine for November 1944, (1) 
the author quoted Summcrhill as having identified 
Eistoplastna in the mesenteric lymph nodes and 
lungs of a cat. This statement by Summerhill 
was made in the discussion of my presentation of 
Histoplasmosis before the New York Patho- 
logical Society (2). At my request Summerhill 
sent me sections from this cat. The parasites, 


which were in large mononuclear phagocytes 
and in smooth muscle cells, did not have the 
appearance of Eistoplasma capsulalum. I sent 
the sections to Dr. E. E. Tyzzer and Dr. David 
Weinman of the Harvard Medical School who 
identified the parasites as Toxoplasiw. Mean- 
while Dr. Summerhill had sent some of the tissues 
from the cat to the Cornell Veterinary School 
where a diagnosis of Toxoplasma was made. The 
case was reported by Olaf son and Monlux in the 
Cornell Veterinarian for April 1942 (3). 
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TRANSACTIONS 


TRANSACTIONS 


Fortieth Annual Meeting 

Meeting in St. Louis, Missouri, in conjunction 
with the National Malaria Society and the 
American Academy of Tropical Medicine, as 
guests of the Southern Medical Association, 
November 13- 16, 1944. 

Business Meetings 
The Minutes of the Council M eding 

The annual business meeting (which was 
preceded by the annual dinner) of the Officers 
and Council of the Society was held at 6:30 p.m. 
on Tuesday November 14, at the Statler Hotel. 
Those present were: Doctors G. R. Callender, 

L. T. Coggeshall, J. T. Culbertson, J. S, D’Antoni, 
R. E. Dyer, J. F. Kessel, T. J. LeBlanc, 0. R. 
McCoy, W. A. Sawyer, J. S. Simmons, A. J. 
Warren and R. B. Watson. Those absent were 
Doctors H. W. Brown and C. F. Craig. Former 
past presidents not presently officers or councilors 
who attended the meeting included Doctors 

M. F. Boyd, H. C. Clark, E. C. Faust, N. P. 
Hudson, H. E. Meleney, G. C. Shattuck and E. B. 
Vedder. Dr. J. T. Culbertson represented the 
American Society of Parasitologists. The Society 
had the pleasure of having one of its honorary 
members, Brigadier N. H. Fairley, present at 
this time. The president, Dr. W. A. Sawyer, 
presided. 

1. The minutes of the previous meeting, Novem- 
ber 15, 1943, were accepted as published in the 
March, 1944, issue of The American Journal or 
Tropical Medicine. 

2. The president appointed Doctors LeBlanc 
and Dyer as the Resolutions Committee. 

3. The Secretary’s report was presented as 
follows: 

Membership : The total active membership of 
the Society as of November 14 is 1213, as com- 
pared with 952 on approximately the same date 
in 1943. The increment and other changes are 
as follows: 

4 deceased 
3 resigned 

15 delinquent in 1944 

240 new members were added during the 
year, and the names of 43 others will be pro- 
posed for Council approval at this meeting, 
making a total of 283 new members in 1944. 


At the present time the Society has 4 Emeritus 
f and 20 Honorary members. In addition (and in 
addition to subscriptions by libraries, institutions, 
etc.) 14 non-members subscribe to The American 
Journal or Tropical Medicine. The Society 
thus carries a total of 1,251 names of individuals 
and organizations on the books, as compared to 
987 at the end of 1943. 

At the present time 71 members are delinquent 
2 years and 205 are delinquent 1 year. 

Certain details concerning the membership 
are of interest: 

There are 691 non-military members, of 
whom 519 are within and 172 outside of the 
continental United States. 

There are 522 members in service, of whom 
342 are now stationed within and 180 outside 
of the continental United States. 

There are 120 members “in status quo/ 7 of 
whom 2 are missing in action (William A. 
Hutchinson and Lewis T. Stonebumer, HI) 
and 16 are in areas in which mail service has 
been suspended. The remaining 102 are mem- 
bers whose letters or publications have been 
returned and for whom no forwarding addresses 
have been supplied. 

The roster of new members approved during 
the year and the roster of members to be approved 
at this meeting appear immediately following 
this report. 

Those who resigned from active membership 
during 1944 are: 

Susan G. Smith 
Victor G. Heiser 
Henry B. Webb 

With regret the names of the following members 
are listed as having died during the past year: 
Chas. S. Butler 
Norman Epstein 
John D. McBrearty 
Archie S. Woods 

Two of these were killed in action, Norman 
Epstein and John D. McBrearty. Letters of 
condolence are sent to the families of deceased 
members whenever the secretary’s office is notified 
or learns of the death, and letters are also sent 
under the same circumstances to the families of 
men listed as missing in action. 

Circular Letters: The following circular letters 
were sent out in 1944 to the Officers and Council: 
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Januaiy 7, announcing the increase in the allot- 
ment of paper for The Journal, June 2, an- 
nouncing the date of the meeting and location. 
July 11, announcing that the National Research 
Council wished a member of the Society as repre- 
sentative in the Division of Medical Sciences, 
and enclosing the recommendations of the Com- 
mittee on War and Post-War Tropical Medicine 
for comment. October 7, announcing the selection 
of Lowell T. Coggeshall to present the Ninth 
Charles Franklin Craig Lecture. Circular letters 
listing names of new members for approval were 
also sent March 2, April 12, August 1, and 
October 7. 

Action of the Council try Correspondence: 

(a) Approval of the names of 240 applicants 
for membership in the Society during 1944 (3/2, 
4/12, S/1 and 10/7). 

(b) Naming Dr. H. E. Meleney as representa- 
tive of the Society to the Division of Medical 
Sciences of the National Research Council fora 
3-year period beginning July 1, 1944 (8/1). 

(c) Approval of changing the annual Council 
Meeting to Tuesday night' instead of Monday 
(7/11). 

(d) Approval of inviting former Presidents of 
the Society to the Council meeting (7/11). 

(e) Approval of defraying traveling expenses 
to the meeting of the Editor of The Journal, 
Colonel Charles F. Craig (7/11). 

(f) Comments on recommendations of the 
Committee on War and Post-War Tropical 
Medicine (7/11). 

(g) Approval of defraying the expenses of 
furnishing 200 copies of Tropical.. Medicine 


News to malaria units overseas for the remainder 
of 1944 (8/1). 

(h) Approval of the selection of Brigadier 
General James S. Simmons as recipient of the 
Walter Reed Medal (10/7). 

During the year approximately 500 changes of 
address reached the Secretary’s office, and this 
circumstance, combined with the large increase in 
membership, made it imperative to purchase for 
the Society some type of addressing machine, 
it being no longer practical to address bills and 
other communications 1 1/ hand. With the ap- 
proval of the President, an addressing machine 
was purchased, at a cost of $124.88. 

The increase of membership and the additional 
work connected with this increase make it neces- 
saiy for the Secretaiy to request an addirionaJ 
allotment for secretarial assistance. It is pro- 
posed that this allowance be raised from $20.00 
to $50.00 per month. 

The Secretaiy desires to express his sincere 
appreciation for the excellent cooperation shown 
by the Officers, Council and members of the 
Society during the past year. Special thanks arc 
due all committee chairmen for their competent 
work, particularly the Chairman of the Member- 
ship Committee, Colonel Callender, and the 
members of this committee. The exigencies of 
the times have frequently made the execution 
of plans and the performance of even routine 
duties difficult, but the burden has been materially 
lightened by the cooperation of all concerned. 

Attention is again called to the cooperation of 
the Southern Medical Association, through its 
Secretary-Manager, Mr. C. P. Loranz, with 
this Society. 


ROSTER OF NEW MEMBERS APPROVED IN 1944 


Abraham, Hurt 
.Adams, Deane Taylor 
Aggeler, Paul Michael 
Aguiar, Haroldo Werueck 
Alberts, Irving Lester 
Allen, Chester D. 

Andrus, Willard B. 

Ash, James Earle 
Bauer, Frank L. 

Bayrd, Edwin Dorrance 
Beaver, Paul C. 

Benavides, Juan 
Berk, Morton Scmur 
Bernstein, Maxwell Robert 
Bettlc, Ronald Austin 
Bews, Donald Cameron 


Black, Sidney 
Bolona, Francisco Enrique 
BonnelJ, George Harrison, Jr. 
Booth, Carl Blackstone 
Borer, Raymond John 
Brady, Melvin 
Breslow, Lester 
Brooke, Marion Murphy 
Brown, Omar J. 

B rowning, James S. 
Buchenholz, Bruce Adolph 
Bunting, John James 
Burge, Martin H. 
Burlingame, Paul L. 

Burrett, John B. 

Campbell, Eugene P. 
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Mohr, John Luther 
Mollohan, Cecil Spencer 
Montero, Enrique 
Moran, Donald Bernard 
Morgan, Edward H. 

Nicholas, Charles Andrew 
Nlgrelli, Ross F. 

Norris, George Loren 
Numainville, Leon Joseph 
O’Brien, Henry R. 

Ogryzlo, Metro Alexander 
Oransky, Marvin 
Osterlin, Ernst Julius 
Parks, William Craig 
Pearson, Stanley hlichael 
Pequeno, Eduardo Aguirre 
Perkins, Jack F. 

Perlman, v rank 
Peters, Prana Joseph 
Petry, William A. 

Pisani, Joseph Michael 
Pollard, H. Marvin 
Porter, Richard Janvier 
Porter, William Lawrenc 
Portuondo, Bona venture Charles 
Pugliese, Frank Anthony 
Reeves, Wiliam Carlisle 
Rein, Charles R. 

Reiner, Ralph Everett 
Rendtorff, R. C. 

Rifkin, Harold 
Roach, Carroll E. 

Rosen, David 
Rosen, Robert Leon 
Roth, Herman W. 

Ryon, William Albert 
Saffold, John Henry 
Sager, Robert V. 

Sanchez, Francisco R. 

Saracho -Lopez, Eduardo 
Sather, George A. 

Scaringi, Joseph 
Schoene, Robert Henrj' 

Schopick, Louis E. 

Schroder, Jack Spalding 
Seferlis, Louis S. 

Skachtman, Joseph M. 

Sheintoch, Hyman Rock 
Silva-Pena, Fernando 
Simmons, Robin Everett 
Simpson, David Bertrand 
Smith, Victor H. 

Soberon y Parra, Galo 
S ode man, William Anthony 
Staab, Frederick David 
Stein, Robert Jacob 
Steinberg, Arthur 
Stewart, INI. A. 


Stillerman, Maxwell 
Strmpert, Fred Dewey 
Stone, Robert Edwards 
Storch, Sidney 
Stotts, Charles Stephen 
Stump, David James , o 

Talmage, Walter Raymond 
Tavares, John M. 

Taylor, Carl E. 

Tovar, Raul Mancera 
Trapido, Harold 
Trewhitt, Madison S. 

Trice, William W., Jr. 

Tyson, Edward Boileau 
Uribe, Luis C. 

Van Bu shirk, Kryder E. 

Vandiviere, Stuart Pitner 
Velez V., Gabriel 
Wahehe/d, Howard 
Wakim, Khalil Georges 
Walker, J. Henry 
Ward, Helen L. 

Watt, James 
Wellens, Stanley Lewis 
Wenger, Don S. 

Whitmore, Eugene Randolph 
Wilder, Robert Lawson 
Williams, Roger W. 

Williamson, Lee 
Wilson, Donald Robert 
Wilson, Ira Herman 
Yeager, Clark Harvey 
Young, Viola Mae 
Zivin, Israel 

Listed below are the new members who have 
been approved by the membership committee 
but upon which the Council action has not been 
taken. 

Allison, Thomas D. 

Armistead, George C., Jr. 

Chess, Stephen J. 

Clark, Sidney B. 

Daniels, Philip B. 

Earle, Kevin V. 

Ewing, Ben E. 

Foertsch, Frederick E. 

Galvao, Augusto L. A. 

Hannum, William Y. C. 

Hulsey, John McAfee, Jr. 

Icenogle, Grover D. 

King, Edtt ard S. 

Kohler, Carl W. 

Lampesis, Peter T» 

Larsh, John Edgar, Jr. 

McConnell, Graham S. 

Manning, John B., Jr. 
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ASSETS 

Balance in checking 

account 920. SO 

Petty cash on hand . . 2.28 

U. S. War Savings 
Bonds — Scries F. . 2442.00 

Addressing 
machine 
(purchasd 
1944- 

cost) ... $124. SS 
Filing cabi- 
net (pur- 
chased 
1942- 

cost) ... 21.43 146.31 


$3511.39 


LIABILITIES 

Due Williams & Wilkins Company for sub- 


scriptions to Journal 160.00 

'Net Assets $3351.39 


Doctors R. B. Watson and O. R. McCoy were 
designated to audit the Treasurer’s books and to 
approve them if correct. 

6. The report of the Editor of The Journal 
(Colonel Charles F. Craig) was presented by the 
Assistant Editor, Doctor E. C. Faust, in the 
absence of the Editor: 

With the appearance of the November number 
of The American Journal of Tropical Medi- 
cine, the twenty-fourth volume will have been 
completed and the most prosperous year in the 
history of The Journal will have ended. At the 
present time the subscription list is over three 
times as large as it was before the beginning of 
World War EE, and it is still rapidly growing, 
thereby furnishing excellent evidence of the 
interest of the medical profession at this time in 
the subject of tropical medicine. It is to be 
hoped that this interest will not lessen with the 
ending of the war. There is good reason to 
believe that it will not, for thousands of our troops 
will continue to serve in tropical regions, and 
many will return to this country suffering from 
tropical diseases which will have to be diagnosed 
and treated. These circumstances will un- 
doubtedly force the profession to maintain its 
present interest in the subject and our Journal 
is a very potent help in this direction. 

Owing to the shortage in paper it has been 
necessary to reduce the number of pages allowed 
The Journal by the publishers, but the reduc- 
tion has not resulted in any reduction in the 


number of papers published during the year. 
This has been avoided by the use of narrower 
margins, double-column pages, and smaller type. 

These changes have not improved the appear- 
ance of The Journal, but they have enabled us 
to give our readers as much material as in the 
past, and have greatly helped in the conservation 
of paper. The Editor believes that the changes 
meet with the approval of the Society, even though 
the format of The Journal may not be as attrac- 
tive as before the war. 

Owing to labor difficulties it has been impossible 
for the publishers to publish the issues of The 
Journal as promptly as in the past, but every 
effort has been made to do so. 

At the present time The Journal is earning 
for the Society a substantial income, which will 
be reported by the Treasurer. This has been 
made possible by the new contract with the 
publishers, which was. ratified last year and which 
is greatly to our advantage in many ways. At 
the present time, the financial condition of The 
Journal contrasts vividly with its financial 
condition some years ago, when it was indebted 
to the publishers to the extent of several thousands 
of dollars. In the meantime we have paid our 
debts and now are earning a good return on our 
investment. The present very satisfactory finan- 
cial condition is due to the activity of our Secre- 
tary and Officers in securing new members, and 
to the fact that Government agencies have sub- 
scribed for many copies which are distributed to 
posts and hospitals throughout the world where 
our troops are operating. 

The Editor desires to express his thanks to our 
Secretary, the Officers of the Society, our con- 
tributors, and to all others who have assisted in 
placing The Journal in the enviable position it 
now occupies in medical literature. Our thanks 
are due the Rockefeller Foundation for the pay- 
ment for the printing of papers contributed by 
its members, and to the publishers, the Williams 
& Wilkins Company, for their constant courtesy 
and assistance. 

7. The following action was taken on this v 

report: * 

(a) It was received with a vote of sincere appre- 
ciation for the valuable work of the Editor. 

(b) The sum of $200.00 was voted for secre- 
tarial assistance for the coming year. 

8. The report of the Editor of Tropical Medi- 
cine News (Joseph S. D’Antoni) was presented 
as follows: 
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As Editor of TfcoplCAL Medicine News, which 
was ordered published as its official bulletin by the 
American Society of Tropical Medicine at the 
1943 session, I am glad to report the successful 
carrying out of these instructions. Since the 
first issue appeared in February, 1944, the publi- 
cation year will not end until the appearance of 
the December, 1944, issue, but there is no reason 
to anticipate during the remainder of the year 
any substantial alteration in the facts presented 
herewith. 

As the members of the Society will recall, it 
was specified that the News was to be entirely 
self-supporting,' and an estimated financial state- 
ment makes clear that there is no likelihood of 
any deficit. In the unforeseen event that one 
should occur for the remaining issue for this year, 
it will be met by an increase in advertising fees 
for the coming year. 

The News was originally planned as a 16-page 
publication, of which 12 pages were to be text. 
From the very first issue, however, enough material 
has been available to make it a '24-page publi- 
cation, of which 20 pages are text. The three 
original advertisers, G. D. Searle Company, John 
Wyeth and Brothers, Inc., and Eli Lilly and 
Company, were agreeable to meeting the extra 
cost of the additional pages, and there seems no 
reason why the same number of pages should not 
appear in all future bulletins. 

The first two issues of the News were printed 
in Baltimore, by the Waverly Press, which also 
prints The American Journal of Tropical 
Medicine. On the surface this seemed an 
excellent arrangement, but the News is literally a 
bulletin of news, and delays in the mails and at 
the Baltimore end prolonged the process of getting 
out each of these issues over a 6-week period. 
Obviously this was very unsatisfactory, and 
arrangements were therefore made to print the 
News in New Orleans. An excellent schedule 
has been worked out, and the News now is ready 
for publication m a maximum of 18 days after it 
is given to the printer, aside from the added 
advantages of direct communication in regard 
to the many details which inevitably arise in any 
process of publication. The Waverly Press con- 
curred in the necessity for the change and seemed 
relieved to be rid of one piece of work at this time. 

That the News has taken its place as an up-to- 
the-minute bulletin is proved, I think, by the 
numerous letters received concerning it from both 
members and non-members. Requests to be 


placed on the publication list (often accompanied 
by the statement that the subscription price will 
gladly be paid) have been received from 4 drug 
houses; IS university and other libraries, 2 of 
which are outside of the country; 4 federal and 
state health departments; and several non- 
members now serving in the armed forces. The 
News is not for sale, and these requests have been 
gladly met without cost. On July 6, 1944, a 
request was received from Major Oliver McCoy, 
of the Surgeon General’s Office, for 200 copies 
of each issue for distribution among malaria 
units stationed overseas. The request was natu- 
rally flattering, but the budget of the News did 
not permit the expenditure of the additional 
$12.00 per issue which these copies cost. The 
Council of the Society was therefore asked, and 
agreed, to finance the cost for the remaining issues 
of 1944, and the advertisers in 1945 will be asked 
to meet the additional expense. All of these 
requests are particularly gratifying because no 
attempt at all has been made to publicize the 
News. 

At the present time the mailing list of the News, 
including the 200 copies sent to the Surgeon 
General’s Office, totals 1,357 names. 

Two pharmaceutical houses other than those 
now advertising in the News have expressed a 
desire for advertising space in it, and I shall ask 
the membership of the Society to act upon this 
point. Although an additional sum of probably 
$700.00 per year would thus accrue to the treasury, 

I am not convinced of the wisdom of the inclusion 
of the additional pages of advertising, which would 
detract from the appearance of the bulletin and 
reduce the number of text pages. 

Another matter upon which I should like an 
expression of opinion from the membership con- 
cerns the cover of the News, which has come in 
for a good deal of criticism, always good-natured 
but nonetheless basically serious. In previous 
issues I have asked for suggestions as to a change, 
but have received none , and I should like the 
Council to discuss the matter at this time. 

Finally, while as editor of the News I have 
been much encouraged by the cooperation 1 have 
received from various members of the Soriety in 
the contribution of news items and scientific 
data suitable for publication in the form of brief 
notes, the response has not been general. It 
should be emphasized again that no editor can of 
himself publish an interesting bulletin, and the 
cooperation of the whole membership in this 



THE AMERICAN SOCIETY OF TROPICAL MEDICINE 


173 


regard would be greatly appreciated and would 
materially improve the contents of the News. 

9. The following action was taken on this 
report: 

(a) It was accepted with special commendation. 

(b) It was decided that the allocation of adver- 
tising space was under the jurisdiction of the 
Editor. 

(c) It was decided that the present cover be 
retained until a more suitable cover be forth- 
coming. 

10. The following committee reports were 
presented: 

(a) The Committee on Honorary Membership. 
The name of Dr. Marshall A. Barber was pro- 
posed and accepted. Dr. Manuel Martinez 
Baez was nominated from the floor and the 
nomination was also accepted. 

(b) The Membership Committee. This report 
is included in the report of the secretary 
(section 4 a). 

(c) The Walter Reed Medal Committee. This 
report is included in the report of the secretary 
(section h under “action of the Council by cor- 
respondence"). 

(d) The Charles F. Craig Lecture Committee. 
The selection of Lieutenant Commander L. T. 
Coggcshail to present this lecture was noted and 
the secretary was directed to extend the thanks 
and appreciation of the Society to the speaker. 

(c) The Program Committee. (For complete 
program see pages 21-27.) 

(f) The Committee of War and Post-War 
Tropical Medicine. The report was approved, and 
the secretary was directed to express the gratifica- 
tion of the Society over this excellent program 
which was approved by the U. S. Public Health 
Sendee and which will be sponsored by it. 

(g) The Bailey K. Ashford Award Committee. 
The members of the committee were notified 
that this award will be available in 1945. 

(h) The Committee on the Teaching of Tropical 
Medicine. The report was presented informally 
and accepted. This committee met earlier in the 
year with the committee on War and Post-War 
Tropical Medicine, and since the functions of this 
committee were adequately handled under the 
program outlined by the War and Post-War 
Tropical Medicine Committee, no further meet- 
ings were held. 

(i) The Resolutions Committee. It was recom- 
mended to the Society that letters of appreciation 
be sent to the following individuals and organiza- 


tions: Mr. C. P. Loranz, Southern Medical 
Association; Williams & Wilkins Company, pub- 
lishers of The American Journal of Tropical 
Medicine; Colonel C. F. Craig, Editor of The 
Journal; Mr. J. C. Meacham, Hotel Statler; 
and Joseph S. D\Antoni, Editor of Tropical 
Medicine News. 

11. It was voted to continue affiliations with 
the Southern Medical Association and the National 
Malaria Society. 

12. Appointments were made for the various 
committees and appear on page 2. 

13. The Council voted to propose the follow- 
ing ballot of new officers to the Society: President- 
Elect, Brigadier General J. S. Simmons; Vice- 
President, P. F. Russell; Council for 4 years, E. I. 
Salisbury and E. G. Hakansson, and for 1 year 
to fill unexpired term of J. S. Simmons, L. T. 
Coggcshail; Editorial Board, 0. R. McCoy, for 
5 years to replace J. H. Kcsscl. 

The Minutes of the Annual Business Meeting 
November 14 ) 1944, 6:30 p.m, 

1. The minutes of the 1943 business meeting 
were accepted as published. 

2. Transactions of the Council as set forth in 
items 3, 4, 5, 6, 7, 8, 9, 10 and 13 were approved. 

3. Adjournment followed. 

Scientific Sessions 

The first scientific session of the Society was 
called to order at 2 p.m., Tuesday, November 14, 
in Room 3B of the Municipal Auditorium, by 
President W. A. Sawyer, Washington, D. C. 
The program follows: 

1. Immunity reactions in experimental relaps- 
ing fever, by Y. P. Chen, S. H. Zia and H. H. 
Anderson, University of California School of 
Medicine, San Francisco. Presented by Doctor 
Anderson. Discussed by Doctors MeJeney and 
Soule. 

2; Sporozoite-induced Plasmodium lophurac in- 
fections, by Richard J. Porter and Raymond L. 
Laird, School of Public Health, University of 
Michigan, Ann Arbor. Presented by Doctor 
Porter. Discussed by Doctor Huff. 

3. Probable role of the cat flea, Ctcnoccphalides 
felis , in transmission of murine typhus, by J. V. 
Irons, S. W. Bohls, D. C. Thurman, Jr., and T. 
McGregor, State Health Department, Austin. 
Presented by Doctor Irons. Discussed by Doc- 
tors Faust, Hudson- and Napier, 
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4. Rodents, rabbits and tularemia; Some zoo- 
logical and epidemiological considerations, (orig- 
inally, Rabbits and tularemia: Some zoological 
and epidemiological considerations) by William 
L. Jellison and R, R, Parker, Rocky Mountain 
Laboratory, U. S. Public Health Service, Hamilton. 
Presented by Doctor Jellison. No discussion. 

War and Post-War Tropical Medicine 

5. The teaching of tropical medicine in the 
United States, by L. Evcrard Napier, Tulane 
University School of Medicine, New Orleans. 
Discussed by Doctors Barnes, Faust, Kellers- 
berger and Shattuck. 

6. Some epidemiological aspects of infectious 
hepatitis in the U. S. Army (by invitation), by 
Douglass W. Walker, Major, Medical Corps, 
AUS, Office of the Surgeon General, Washington, 
Discussed by Doctors Mclency and Soper. 

7. Foreign quarantine in military' traffic, by 
Phillip T. Knies, Lieutenant Colonel, Medical 
Corps, AUS, Office of the Surgeon General, 
Washington. Discussed by Doctor Hudson. 

8. Wartime tropical medicine activities of the 
National Research Council, by Henry E. Mcleney, 
New York University College of Medicine, New 
York. No discussion. 

9. Activities of the Distributing Center for 
Parasitological Specimens during 1944, by George 
W. Hunter, III, Major, Sanitary Corps, AUS, 
Army Medical School, Washington. No 
discussion. 

Discussion on War and Post-War Tropical 
Medicine by Doctors Dyer, Meleney and Salis- 
bury, with Doctor A. J. Warren presiding. 

Joint Session with the National Malaria 
Society 

The second scientific session of the Society was 
called to order at 9 a.m., Wednesday, November 
15, in Room 3A of the Municipal Auditorium, 
with Doctor G, H. Bradley, Atlanta, Georgia, 
President of the National Malaria Society, and 
Doctor Wilbur A. Sawyer, President of the 
American Society of Tropical Medicine, pre- 
siding. The program follows: 

10. Use of atabrme in the treatment of malaria, 
by James A. Shannon, New York University 
College of Medicine, New York. Discussion 
opened by Doctor Henry E. Meleney. 

11. Suppressive treatment of malaria in mili- 
tary forces, by Oliver R. McCoy, Lieutenant 
Colonel, Medical Corps, AUS, Office of the 
Surgeon General, Washington. 


12. Preliminary report on imported malaria 
studies, by Martin D. Young, Joseph A. Moore, 
Frederick C. Ehrman, Trawick H. Stubbs, Newton 
F. Hardman, John M. Ellis, and Robert W. 
Burgess, U. S. Public Health Service, Columbia. 
Presented by Doctor Stubbs. 

13. The effect of phcnyldrazine on the pigeon 
strain of Plasmodium r dictum, by W. B. Redmond 
and Grattan Crowe Woodson, Emory University, 
Atlanta. Presented by Doctor Redmond. Dis- 
cussion opened by Doctors Hewitt and Coatney, 
of Memphis and Bethesda. 

14. Factors influencing the uneven distribution 
of Acdcs aegypli in Texas cities, by Asa C. Chand- 
ler, U. S. Public Health Sendee, Houston. Dis- 
cussion opened by Doctor Usinger of Atlanta. 

15. Report of an attack of blackwater fever 
subsequent to induced malaria, by S. F. Kitchen 
and G. G. Sadler, Rockefeller Foundation, Station 
for Malaria Research, Tallahassee and Florida 
State Hospital, Chattahoochee. 

16. The detection of the Plasmodia of human 
malaria in blood films of fluorescence microscopy 
(by invitation), by Robert L. Metcalf, Tennessee 
Valley Authority, Wilson Dam. 

17. Changes associated with acquired immunity 
in the malaria of lizards, by Paul E, Thompson, 
Tulane University School of Medicine, New 
Orleans. 

18. Infections with blood and tissue stages of 
malarial parasites in relation to natural and 
acquired immunity, by Clay G. Huff and Frederick 
Coulston, University of Chicago, Chicago. Pre- 
sented by Doctor Huff. 

19. The inhibiting effect of pyridoxine on the 
activity of quinine and atabrine against avian 
malaria, by Albert 0. Seder, Merck Institute for 
Therapeutic Research, Rahway. 

20. Medical shock in the pathogenesis of algid 
malaria, by B. H. Kean, Captain, Medical Corps, 
AUS, and Carl E. Taylor, Ancon, Canal Zone. 
Presented by Doctor Taylor. 

The third scientific session was called to order 
Wednesday afternoon, November 15, at 2 p.m. 
in room 3B of the Municipal Auditorium, by 
President W. A. Sawyer. The program follows: 

21. Interdermal and complement-fixation reac- 
tions elicited by various antigens in persons 
infected with Onchocerca volvulus , by John 
Bozicevich, Anthony Donovan, Luis Mazzotti, 
Francisco Diaz A., and Enrique Padilla, Pan- 
American Sanitary Bureau, Mexico, and Sanidad 
Publica, Guatemala. Presented by Doctor 
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Bozicevich. Discussed by Doctors Tsuchiya and 
Kellersberger. 

22. Onchoccrc avolvulus: A new stain for demon- 
stration of microfilaria in tissues; observations on 
detailed anatomy and fate and distribution of the 
parasites in tissues, by William McKee German, 
University of Cincinnati College of Medicine, 
Cincinnati. Discussed by Doctors Hakansson, 
McCoy, Otto and Sandground. 

23. Tests of mercury and antimony compounds 
in Dirojilaria immitis and Lilomosoides carinii 
infections, by A. H. Lawton, F. J. Brady, A. T. 
Ness and W. T. Haskins, National Institute of 
Health, Bethesda. Presented by Doctor Brady. 
Discussed by Doctors Anderson, Andrews and 
Napier. 

24. Presentation of the Walter Reed Medal of 
the American Society of Tropical Medicine to 
James S. Simmons, Brigadier General, USA, 
Office of the Surgeon General, Washington, D. C. 

25. Localization of trivalent radioactive anti- 
mony following intravenous administration to 
dogs infected with Dirofilaria immitis, by F. J. 
Brady, A. H. Lawton, D. B. Cowie, H. L. Andrews, 
A. T. Ness and G. E. Ogden, National Institute 
of Health, Bethesda, and the Carnegie Institu- 
tion, Washington. Presented by Doctor Lawton. 
Discussed by Doctors Anderson, Andrews and 
Napier. 

26. Chemotherapy of human filariasis with 
pentavalent antimony compounds, by James T. 
Culbertson and Harry M. Rose, Columbia Uni- 
versity College of Physicians and Surgeons, New 
York. Presented by Doctor Culbertson. Dis- 
cussed by Doctors Anderson, Giffen, Napier, 
Vedder and Wright. 

27. Experiments to determine potential mos- 
quito vectors of Wuchcrcria bancrofti in the 
continental United States, by Walter L. Newton, 
Willard H. Wright, and Ivan Pratt, National 
Institute of Health, Bethesda. Presented by 
Doctor Newton. Discussed by Doctors Butler 
and Wright. 

28. Immunity developed as a result of experi- 
mental Nccalor amcricanus infections in man, by 
G. F. Otto, Johns Hopkins University School of 
Hygiene and Public Health, Baltimore. Dis- 
cussed by Doctor Hunter. 

The fourth scientific session was called to order 
Thursday morning, November 15, at 9 a.m. in 
Room 3B of the Municipal Auditorium, with 
President-Elect, R. E. Dyer, Bethesda, Maryland, 
presiding. The program follows: 


29. Preliminaiy report of a new trypanocidal 
agent: y-(p-Arsenosophenyl) -butyric acid (by in- 
vitation), by Harry Eagle and Harold J. Mag- 
nuson, U. S. Public Health Service, Johns Hopkins 
Hospital, Baltimore. Presented by Doctor Mag- 
nuson. Discussed by Doctors Kellersberger, 
Salisbury and Sandground. 

30. Survival time of trophozoites of Endamoeba 
histolytica and its practical significance in diag- 
nosis, by H. Tsuchiya, Washington University 
School of Medicine, St. Louis. Discussed by 
Doctors Faust and Meleney. 

31. Amebic hepatitis, by W. A. Sodeman and 
B. 0. Lewis, Tulane University School of Medicine 
and U. S. Marine Hospital, New Orleans. Pre- 
sented by Doctor Sodeman. Discussed by Doc- 
tors Coggeshall, Faust, Kessel, Lewis and 
Tsuchiya. 

32. Early results of the treatment of African 
trypanosomiasis with two new arsenical prepara- 
tions (melarsen oxide and 70A), by David Wein- 
man and Karl Franz, Harvard Medical School 
and School of Public Health, Boston. Presented 
by Doctor Weinman. Discussed by Doctors 
Anderson, Kellersberger, Sandground and 
Tsuchiya. 

33. The Ninth Charles Franklin Craig Lecture 
on tropical medicine: Malaria in the returning 
serviceman, by L. T. Coggeshall, Commander, 
Medical Corps, USNR, Marine Barracks, Klamath 
Falls. 

34. Simultaneous vaccination against bacillary 
dysentery and cholera with toxoid-vaccine, by 
Oscar Felsenfeld and Viola Mae Young, Chicago 
Medical School, Chicago. Presented by Doctor 
Felsenfeld. No discussion. 

35. Risk of attack in leprosy in relation to age 
at exposure (by invitation), by James A, Doull, 
Ricardo S. Guinto, Jose N. Rodriguez and Huldah 
Bancroft, Western Reserve University, Cleve- 
land; American Leprosy Foundation, Leonard 
Wood Memorial; and Bureau of Health of the 
Philippines, Leprosy Section. Presented by Doc- 
tor Bancroft. Discussed by Doctors Kellers- 
berger, Soule and Vedder. 

36. The reaction of lepromin antigen in patients 
with sarcoid and tuberculosis, and in normal 
individuals, by George T. Harrell, Jr., and S. F. 
Home, Bowman Gray School of Medicine of 
Wake Forest College, Winston-Salem. Presented 
by Doctor Harrell. No discussion. 

37. Blood studies in fifty-two cases of Hansen’s 
disease (leprosy), by Carroll L. Birch, University 
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of Illinois College of Medicine, Chicago. Pre- 
sented 1 by Doctor Birch. No discussion. 

The following papers were listed by title or 
were not presented because of the essayists’ 
inability to be present at the meeting. 

38. Twenty-five years of research work on 
tropical pathology in America, by W. H. Hoff- 
mann, Finlay Institute, Havana, Cuba. 

39. An inquiry into the growth factor or factors 
of certain blood and tissue fiageilates, by Harry 
A. Senekjie and Ruth A, Lewis, Tulane Uni- 
versity School of Medicine and Tulane Amebiasis 
Unit, National Institute of Health, New Orleans. 

40. Opportunities for training and research in 
tropical medicine and public health in Mexico, 
by Manuel Martinez Baez and E. Harold Hin- 
man, Salubridad y Asistencia, and Institute 
Inter-American Affairs, Division of Health and 
Sanitation, Mexico. 

41. The organization and function of the tropical 
disease section at Moore General Hospital, by 
Harry A. Most, Captain, Medical Corps, AUS, 
Moore General Hospital, Swannanoa, 

42. Simplified quantitative methods for hook- 
worm control programs, by J. Allen Scott, Uni- 
versity of Texas Medical Branch, Galveston. 

43. Comparative yields of Endamoeba histolytica 
Organism T from soluble and insoluble ingredients 
of egg white in freshly prepared and stored 


medium, by Chas. W. Rees and Lucy V. Reardon, 
National Institute of Health, Bethesda. 

44. Mai del pinto, by Eduardo Aguirre Pequeno, 
Monterrey. 

Other Events 

1. The annual luncheon of the Society was 
held Wednesday, November 15, at 12:30 p.m. 
The President of the Society, Dr. W. A. Sawyer, 
Washington, D. C., who was introduced by the 
President-Elect, Dr. R. E. Dyer, presented as 
his presidential address “The place of tropical 
medicine in international health/’ Former presi- 
dents were seated at the speaker’s table, as were 
representatives from the Academy of Tropicaf 
Medicine and the National Malaria Society. 

2. Well attended hospitality group sessions 
were held on November 13, 14 and 15 at 5 p.m. 
Informal talks were made at these sessions by 
Dr. W. A. Sawyer, who spoke on UNRRA; Dr. 
N. H. Fairley, who spoke on certain aspects of 
malaria, and Dr. H. C. Clark, who spoke on 
personal hygiene in the tropics. 

3. The American Academy of Tropical Medicine 
held its eleventh annual dinner at 7 p.m., 
Wednesday, November 15, to which all members 
of the Society were invited. Dr. Malcolm H. 
Soule was toastmaster. 

Colonel E. B. Vedder, Oakland, California, 
presented as his presidential address “The present 
status of tropical medicine and some future 
problems/’ 



ERRATA 


The name, “Henry D . Mdeniy” as author of the note entitled “Toxo- 
plasmosis Mistaken for Histoplasmosis in a Cat” should be “Henry E. 
Meleney”. 
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The general problem of malaria as it exists in 
the returning serviceman is a familiar one to those 
interested in tropical diseases, at least in its broader 
aspects. More specifically, it is a disease present 
in large numbers of men and we are concerned 
with the task of reducing their latent infections and 
preventing malaria from gaining a foothold in 
receptive areas of this country. The basis of this 
report will be a discussion of the problem as seen 
in a group in excess of 3000 men assembled for care 
and observation at one place. 

Since the station referred to is somewhat un- 
orthodox as compared to other medical military 
installations, a word of explanation is in order. A 
little over a year ago it was the opinion of the 
Bureau of Medicine and Surgery, U. S. Navy, that 
a special installation for the care of malaria pa- 
tients was justified. There were many reasons 
for this decision; first, because of the large volume 
of men involved; second, because the majority of 
these individuals were having repeated clinical 
breakdowns; third, they were only acutely ill for 
three to seven days during each episode, thus occu- 
pying valuable hospital beds urgently needed for 
other purposes; and finally, it was considered an 
ideal opportunity to assemble these malarial 
patients in one place for observation and study. 
Never in the history of this country has such a 
large group of men suffering from a single infec- 
tion been returned to a clean area, without the 
opportunity for reinfection, where they can be 
retained as a body throughout their convalescent 
period. As these men are returned from overseas, 
they are immediately sent to Marine Barracks, 
Klamath Falls, Oregon, where they are carefully 
questioned as to their itinerary and malaria history, 
examined, and if physically able to travel, are 
given a month’s furlough. The malariologist 
will probably question the wisdom of this last pro- 

1 Presented at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, at St. Louis, 
Mo., November 13-16, 1944. 

5 Captain (MC) U. S. Navy Reserve. 


cedure, since it enhances the possibilities whereby 
malaria may establish itself in this country. This 
policy, in our opinion, is justified from the fact 
that already thousands of recurring cases have 
been dispersed by all military services through 
assignment, furlough or discharge to all states of 
the Union. There probably is not a community 
which has not received one of these servicemen 
suffering from this malady. Also there are rela- ' 
tively few areas in this country where the possi- 
bility of transmission can be excluded. Even if 
there were malaria-safe places it would mean the 
retention of these men until the last recrudescence 
has occurred — something no one can predict and 
many are now going into their third year of infec- 
tion. Since the majority of cases seen in this 
country contracted their infection in Guadalcanal 
and adjacent islands late in 1942, one can easily 
visualize the difficulty of restricting a man who has 
served overseas two 3 r ears, and especially in those 
who have hit the beaches on Guadalcanal, Tarawa, 
Eniwetok and Saipan with periodic malaria as a 
constant companion. 

After their return from furlough, they were 
again examined and assigned to companies of 200 
men each, where they can be closely followed and 
observed. An analysis of their malaria histories 
overseas reveals several interesting points. First, 
occasionally one encounters among the patients 
men from the South who have had previous malaria 
histories in this country and not in the too distant 
past. Of course these are few in number and it 
furnishes only inferential evidence on the possi- 
bility’’ of the lack of cross immunity between Ameri- 
can and South Pacific strains. Especially so since 
we do not see those men who have had malaria in 
this country and were exposed but did not acquire 
it overseas. The information is presented only 
as an observation for what it is worth. 

An examination of the health records does not 
furnish an accurate picture of the species of plas- 
modia responsible for the initial infection, since 
many men were diagnosed and treated without 
the aid of blood smears, probably many blood 
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smears wore misdiagmml and many unrecorded, 
However, from the hundred* of record** examined 
little doubt remains that in the field a high jh* r- 
centavo were accurately diagruved as falciparum 
malaria- AHo, from other rerun!* ami statement* 
of competent medical nfuci r% it it Known that 
falciparum malaria was extremely prevalent in 
the South Pacific area in general and in some anas 
it predominated over the vivax variety. However, 
the exact ratio* of the two are not known. Like- 
wise, the percentage of nun sufh ring clinical 
reactivations following the initial attack is not 
known became unit strength information i* not 
available, replacement* were frequent, there were 
high casualty rates and men were constantly luring 
reinfected. However, some careful studies were 
made on small units where it was po siblc to obtain 
non-controvcrsial information and although the 
data lias been placed on the restricted Tut, it i* 
possible to .state that the percentage of recrudes- 
cences is greater than that commonly olrervcd 
with vivax malaria in this country. 

Most of the men on the station, among 1424 
cn*es analysed, 1335 or 95%, took suppressive 
medication before their initial attack. From the 
histories only one positive statement can t>e made 
in regard to suppressive therapy, cither quinine or 
atahrine, and that is; a sufficient number regularly 
took either drug in the recommended dosage or in 
excess and it did not prevent malaria. The in- 
dividuals were subjected to so many combinations 
of suppressive drugs and dosage regimes a critical 
analysis of their malarial histories is not possible, 
especially as to number of clinical breaks through 
while under suppressive therapy. 

From the records on the toxicity of atabrine 
given as a suppressive drug, it can bo stated that in 
some instances dosages of 0.3 gm. daily were 
tolerated for long periods without difficulty. 
The toxicity of this drug has been studied in 
man and animal under the auspices of the Army, 
Navy and National Research Council, and it is 
the consensus of opinion that the toxic properties 
of atabrine in the recommended dosage is of little 
consequence. As to acute toxicity, there is a 
record at Oak Knoll Naval Hospital (1) of a man 
who was known to have taken at least 7.5 grams 
of atabrine and probably considerably more 
(18.0 grams) in a three hour period with a suicidal 
intent. He went into shock, was stuporous in 
about four hours, then went into coma. Within 
48 hours he was conscious and went on to com- 


phte recovery. There v.a* no evidence of liver 
or other vhctral damage. On the second day, 
hi* atabrine blood level was 475 gamma, which i* 
only 25 gamma Mow the* saturation level. It it 
unfortunate in one report that the man did not 
have chronic malaria Ixrame a golden opportunity 
v.m*. bed to determine the effectiveness of atabrine 
as a cure when prvent at a n exci-vrive level. 
Brigadier N. If. Fairley (2), Australia, has seen a 
rimitar rprodc which resulted fatally. Thi< 
gives a mortality figure of 50% in a 5 cries of two 
cn*e . Although thoe are extreme cases, the 
do*agr r x*. ith survival do*'* indicate that a slight 
inenrav in recommended do age vnuW not lx; 
Attended by «**rh>us remit*. 

tabu; I 

Su*"ltr of / rrrpvr attach related to results of Ur: l 
smear fxsvimtfcn: talon ufen admission 


1 *MIOt i ATS 

Tout 

j I’oUtfvr 
j **nejr 

Kcritivj 

jn:Mr 

All 

1,419 

116 

1,303 

1 attack t hew here 

33 

1 

32 

1 attack here .... 

3 

0 

3 

2—1 attacks 

130 

15 

115 

5-9 attacks .... 

437 

2S 

409 

10-14 attacks . 

41$ 

40 

37S 

15-19 attacks . 

241 

IS 

223 

20-21 attacks .. 

95 

i 7 

SS 

25-29 attacks 

44 

; 7 

37 

30-31 attacks . . . 

10 

0 

10 

35 and over . 

5 

0 

5 


When the men are transferred to the station, all 
those with a malarial history have a stained thick 
smear of their blood examined. A summary* of the 
results of these examinations is shown in Tabic 
I. In 1419 individuals, 116, or S.2% were found 
to be positive. This docs not include those men 
who arrive with an acute attack. When the degree 
of parasitemia is compared to the number of 
attacks that occurred previous to arrival, it can 
be seen that no correlation exists. For example, 
418, or 29% of all cases aboard have experienced 
10-14 attacks and in this group we find 34% of the 
positive smears. Although the positive smears 
arc somewhat greater in this group, the difference 
is not a significant one. Separate from this 
group and not shown on the table are the results 
of the men who have had clinical malaria on the 
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station, who are treated and then followed by twice 
weekly blood smears. In 1427 such examinations, 
132, or 9.7%, are found to have circulating para- 
sites. As expected, this figure is slightly higher 
than the 8.2% showing a parasitemia upon arrival 
on the station. 

TABLE n 

Number of previous attacks related to spleen and liver 
examinations 


SPLEEN AND LIVER EXAMINATIONS 
NUMBER 


NUMBER OF 

PREVIOUS ATTACKS 

Total 

Palp. 

spleen 

Palp. 

liver 

Non- 

A 

liver 

All cases 

1,419 

55 

14 

1,349 

1 attack elsewhere 

‘ 33 

0 

0 

33 

1 attack here 1 

3 

0 

0 

3 

2-4 attacks 

130 

1 

3 

126 

5-9 attacks 

437 

15 

4 

417 

10-14 attacks 

418 

18 

2 


15-19 attacks i 

241 

11 

3 


20-24 attacks i 

95 

3 

1 


25-29 attacks 

44 

4 

1 

39 

30-34 attacks | 

10 

2 

0 

S 

35 and over ! 

5 

0 

0 

5 

Inf. miss j 

3 

1 

0 

2 


TABLE III 

Spleen and liver examinations related to original blood 
smear results 


SPLEEN AND LIVER EXAMINA- 
TION 

RESULTS OF SMEAR 
NUMBER 


Total 

Positive 

Negative 

All cases 

1,419 

116 

1,303 

Pal. spleen 

55 

5 

50 

Pal. liver 

14 

2 

12 

Both 

1 

0 

1 

Neither 

1,349 

109 

1,240 


1 Less than 0.5 of one per cent. 


In spite of the high incidence of falciparum 
malaria reported in the previously referred to initial 
infections, not a single infection of this variety has 
been seen on our station. Nor have any 
falciparum gametocytes been recognized. The 
men have come directly to the station from over- 
seas without selection. Undoubtedly, mam* of 
them have acquired mixed infections, but as the 


biological characteristic of falciparum malaria 
is not to relapse, they are not seen here. With 
stricter suppressive atabrine discipline, falciparum 
malaria is failing to make its appearance where 
there is every reason to expect it. Probably ata- 
brine neither prevents nor cures this type of 
malaria but merely suppresses until it is finally 
eradicated by the defense mechanism of the 
body. 

Also in the same table the number of previous 
attacks are showrn. Since the information is 
gamed by testimony, the numbers are not absolute, 
because after 8-10 recrudescences many men lose 
count of the exact number. However, in a group 
of this size the percentage of error is a small one. 
Of interest are three men who have experienced 
their first malarial attack on the station. Their 

TABLE IV 


Monthly relapse rate of personnel on station with malarial 
histories 


MONTH 

NUMBER 
OF MEN 

NUMBER OF 
RECRUDES- 
CENCES 

a 

June 

29 

2 

6.9 

July 

1S4 

19 

10.3 

August 

411 

30 

7.3 

September 

569 

66 

11.6 

October 

802 

89 

11.1 

Average 

10.3 




admission diagnosis was filariasis. One of the 
men had this first attack 8 months following with- 
drawal from the endemic area an d discontinuance 
of suppressive atabrine. This has been the 
longest noted in any of many on our station, 
although there is another authentic instance of a 
13 months 7 period without history of malaria 
overseas. 

The complement fixation reaction as a diagnostic 
aid has been employed intensively in many military 
installations in the past two years. This test 
w*as first employed by Kingsbury (3) most success- 
fully* a decade ago when he employed infected 
vivax and falciparum blood as an antigen. It w*as 
discarded because this source of antigen vras 
unsatisfactory*. Eaton and Coggeshall (4), in 
1937, showed that a non-human malaria parasite, 
Plasmodium knozclesi, could be used just as success- 
fully* and thereby* excluded the chief disadvantage 
of obtaining antigen from ill human subjects. In 
therapeutic malaria induced by* infected blood 
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where relapses practically never occur, the findings 
were very promising. We have used the test for 
the past several months in an attempt to detect 
hidden infections or to delineate the duration of 
the disease acquired in the South Pacific. There 
is no doubt as to its specificity, as a positive test 
indicates infection. However, in the majority of 
positive cases, proven by subsequent relapses, we 
have found that the test is an unreliable one, as it 
is too frequently negative in these known positives. 
These results have occurred with all the various 
types of antigens recently described. 

As one observes the clinical picture in several 
hundreds of these repeating vivax infections, one is 
impressed by several points. The first is the ab- 
sence of the picture of malaria cachexia so fre- 
quently described with chronic malaria. This is 
particularly true in the men who have been back a 
few weeks. Either malarial cachexia is only evi- 
dent when associated with other infections and 
malnutrition or the manifestations as seen in South 
Pacific malaria are different than those encountered 
elsewhere. Likewise, splenomegaly is noted in 
less than 5% of the men, even after 20 to 30 re- 
crudescences. Immediately after the acute attack, 
palpable spleens are present in about 8% of the 
individuals, most of them have barely palpable 
spleens, three finger enlargement has been the 
maximum. This information is summarized in 
Tables II and III. Anemia is also conspicuous by 
its absence, after six weeks at our station with mile 
high altitude, the red blood count averages 5,300,- 
000. Except for a persistent headache in a few 
individuals there is nothing to indicate that an 
individual is suffering any discomfort between his 
acute episodes of fever. 

When ill, the response to therapy is prompt, 
within 72 hours. This can be accomplished by 
administering orally 0.2 gm. atabrine every six 
hours and then 0.3 gm. daily for five days. Any 
greater amounts in a short time or prolongating 
therapy has had no influence on the subsequent 
relapse rate. Quinine behaves similarly and shows 
the same fundamental inability to effect a perma- 
nent cure. Plasm o chin, now in general disrepute 
because of its toxicity, has not yet been shown 
to influence the relapse rate. Likewise, arsenicals 
or other heavy metals, sulfonamides, penicillin, 
dyes or other types of compounds are in general 
of little or no avail. 

Among the individuals on the station, the 
recrudescence rate has averaged 10.3 per cent per 
month. This figure is obtained from the number 


vrith a malarial historv and relapses each month 
(Table IV). 

Considerable controversy has arisen as to 
whether the vivax malaria originating in the 
South Pacific area represents a strain differing 
from the same variety seen in this country. No 
immunological studies have been conducted on 
our station but there is considerable inferential 
data to support the thesis that they do differ. 
In the first place, the frequency of periods of 
clinical activity following the initial infection is 
far in excess of that seen in this or any other 
country. As shown in Table I, 57% of the men 
under observation have had in excess of 14 acute 
attacks, some of whom experienced as many as 40. 
This is in contrast to the picture observed in vivax 
malaria of the States, where it is unusual to have a 
fraction of this number of clinical breakdowns. 

Also in the overseas group, one is impressed with 
the rhythm of the recrudescences. Many men 
can predict within a week when their next bout 
will occur. A common statement is that, “my 
malaria was much more regular than the pay 
check”. 

Another point of differentiation is the previously 
referred to lack of splenomegaly, high blood 
counts, general well-being, even in men with per- 
sistent parasitemia, and frequent recrudescences. 

Not observed on the station, but another point 
of differentiation is that Negroes are very 
refractory to the vivax malaria of the United 
States. As a matter of fact, institutions using 
therapeutic malaria for C.N.S. lues resort to the 
quartan type. In the Pacific area, American 
Negroes w r ere as susceptible to vivax malaria as 
whites. Butler and Sapero (5), (MC), U.S.N., 
conducted an epidemiological study on three 
battalions of colored troops from South Carolina 
who contracted malaria, and 90% of readmissions 
were diagnosed vivax malaria. Actually, the 
relapse rate for vivax malaria was slightly greater 
than in white troops serving in the same area. 
There is much more inferential evidence that there 
are strains within species of malaria plasmodia 
and that contracted in the South Pacific is the 
most tenacious yet encountered. If this impres- 
sion is confirmed the greatest danger of introducing 
malaria into this country probably is not that 
sweeping epidemics will occur, but the implanta- 
tion of a strain immunologically different from 
those indigenous to this country, and one that will 
incapacitate for long periods all those who con- 
tract it. 
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The activities of the station are concerned with 
the assimilation of information with considerable 
emphasis in investigation. For the most part it 
concerns evaluation of new therapeutic com- 
pounds, the results of which cannot be disclosed 
at the moment. 

It is possible, however, to describe the program 
of therapy, although it is non-specific and has been 
in force only a few months, there is no doubt that 
much is being accomplished. When a man has 
returned from furlough he is placed on a full duty 
status. This includes military training, recrea- 
tional activities and educational and vocational 
exercises. It is noted that the men gain weight, 
the red cell count and hemoglobin increases and 
there is a rapid improvement in their general 
physical condition. Approximately S5% of our 
men come from overseas and the remaining 15% 
have been transferred from continental hospitals 
or limited duty stations. Men who have been in 
this country for some time and only able to per- 
form two or three hours’ work daily soon are able 
to undergo a full day’s activity. 

The abuse of rest is very apparent during the 
convalescent period from this disease, as it is being 
observed in many other infections or disabilities, 
and certainly any man with malaria needs very 
little encouragement to make him a permanent 
mental and physical cripple. If, by careful study, 
the future course of these infections of several 
hundred men with malaria can be more clearly 
defined, it will be of real value to all those con- 
cerned, and during the course of these studies if the 
ideal drug should happen to be disclosed which 
would more rapidly terminate the course of this 
infection, the effects would be so far reaching that 
one would hardly be able to visualize its import- 
ance. These two possibilities remain in the future, 
but this accomplishment can be definitely stated 
at this time, namely, there is no doubt that the 
program designed to keep men occupied menta% 
and physically during their convalescent period 
from tropical infections is real preventive medicine 
in that it is preventing the inception of hundreds 
of cases of “hospitalitis”. Thus, in the absence of 
curative drugs and with diseases that are gradually 
being eliminated by the defense mechanism of the 
host, our rationale of treatment is based on the 
concept that a physically fit body is equipped to 
throw off an infection more quickly than the one 
that is permitted to deteriorate mentally and 
physically by long periods of hospitalization. 

Finally, there seems to be no doubt that even 


this South Pacific malaria is a self-limited disease 
and will eventually disappear. Actually, within 
a relatively short six months period, we are noticing 
that a curve representing the rate of recrudes- 
cences has a definite downward trend in this 
malaria that is still manifesting itself in the third 
year after inception, and a program of physical 
fitness is precipitating the fall of the curve. 

FILARIASIS 

When filariasis made its appearance among 
servicemen stationed in the South Pacific, a little 
more than a year and a half ago, it was a cause of 
considerable concern to medical men. This con- 
cern, more than anything else, had as its genesis 
the picture of elephantiasis seen in the natives, 
who have carried their infections throughout their 
life-time. Filariasis is especially prevalent in the 
Samoan area. Actually, it exists there in epidemic 
form, although it is not correct to refer to its 
existence as epidemic, even where the incidence is 
so uniformly high. Epidemics occur when large 
groups of uninfected populations immigrate into an 
infected area. This is what happened early in 
1942, when several thousand American Marines 
were staging in British and American Samoa, 
Wallis and Ellice Islands. The causative organ- 
ism is Wuchereria barter of li, which is the most 
prevalent of the four species of the filarial organ- 
isms. The life history of this nematode worm 
is fairly well understood. It is transmitted to 
man by an infected mosquito, which injects sex- 
ually immature microfilaria into the blood stream. 
These embryos make their way to the lymphatic 
channels and thence to the lymph glands, where 
they mature into adult organisms. The male 
wraps itself around the female and fertilization 
occurs. After the female becomes gravid she 
expels microfilaria into the blood stream. The 
microfilaria are thus available to the bite of a sus- 
ceptible mosquito. The microfilaria, in them- 
selves, are non-pathogenic and non-infective to 
man. Actually, the circulating microfilaria can 
be transferred by transfusion to a normal individ- 
ual without harm. They can only complete their 
development by passing through the mosquito 
and thence back to man. This is an important 
point from the standpoint of the infected sendee- 
man. For example, if infected by mosquitoes 
which inject a definite number of microfilaria, it is 
impossible to ever have more than that number of 
adult worms, regardless of how long the individual 
lives. In other words, the adult worms are unable 
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to reproduce themselves in the body and thus do 
not continue to accumulate. 

The pathological and clinical manifestations 
seen in the serviceman aTe undoubtedly stirred up 
by the irritation of developing worms in the 
lymph glands. Three predominate findings are 
noted in the early infections, namely, lymphangitis, 
lymphedema and lymphadenopathy. The lymph- 
angitis is always retrograde, usually starting in the 
axilla, elbows or groins and then slowly descends. 
The extremes vary from the length of the extremi- 
ties to a few centimeters. Although somewhat 
painful, it does not compare to the pain encoun- 
tered in a streptococcic lymphangitis. Systemic 
toxic manifestations are practically absent. There 
may be a temperature of 101° to 102°F., which 
usually lasts about 48-72 hours. There still 
exists considerable controversy as to whether this 
lymphangitis, which is probably an allergic mani- 
festation producing a lymph blockage, is associ- 
ated, primarily or secondarily, with a strepto- 
coccus. The supporting evidence is not good for 
this theory, and the administration of sulfon- 
amides or penicillin has no apparent effect on the 
lymphangitis. Lymphedema usually tends to be 
localized, although occasionally it is generalized, 
involving the entire arm or leg. An important 
point is that thus far it has been temporary, as no 
permanent swellings indicative of elephantiasis 
have been noted at this station in several hundreds 
of men over a period of eight months. 

The picture of filariasis as it exists in Marine 
personnel from the Pacific can best be furnished 
from an analysis of some of the cases seen to date. 
In a large series of cases, 96% were stationed in the 
Samoan group of islands, and only 4% have con- 
tracted the infection elsewhere, Guadalcanal or 
Bougainville. This has occurred in spite of the 
fact that surveys on natives in the two general 
areas show intensities of infection that are not too 
different. The reasons for this disparity may be 
accounted for by the living habits of the natives, 
opportunities for contact, vectors and the periodic 
appearance of the microfilaria. In Samoa, the 
average length of stay was 12.5 months, with a 
variation of 1 month to 27 months. The incuba- 
tion period, dated from the time of the first possible 
exposure to the appearance of initial symptoms, 
averaged 9 months. When seen in the States 
there was little differentiation in the degree of 
involvement in the men who were in the endemic 
areas a few months as compared to those who were 
present two or more years. The anatomical 


involvements as lymphedema, lymphadenopathy 
and lymphangitis are noted in the sites and fre- 
quency as follows: Neck— 2%, upper extremities— 
30%, lower extremities— 9%, scrotum— 1%, cords 
— 15%, and testes — 18%. It was interesting to 
note that the right upper extremity was involved 
initially in 54% of the instances, while the left 
was only involved in 37% of the instances. For 
the lower extremities, the right exceeded the left, 
but the difference was not so marked; more use 
of the right arm might provide an explanation. 
However, for the genitalia the opposite was true; 
33% on the right and 55% on the left. 

From the pictEre of filariasis as it no w exists 
in the serviceman, it is quite apparent that the 
current manifestations are extremely mild. The 
laboratory examination of the infected individual 
shows no abnormalities of the blood with the 
exception of an occasional instance of eosino- 
philia, which is rarely sustained. Thus far, three 
patients have come to our attention who have had 
high total white blood cell counts and unusually 
high eosinophile counts. Other than a chronic 
cough, there were no symptoms. Temperatures 
were within the normal range. The clinical 
histories and maximum blood counts were as 
follows: 

Patient B., L. Cough 5 months, WBC, 36,150, 
Eosinophiles 72%; 

Patient L., L. Cough 4 months, WBC, 14,600, 
Eosinophiles 48%; 

Patient, R., A. Cough 16 months, WBC, 
16,550, Eosinophiles 45%. 

No microfilaria have been seen in the blood of any 
man on our station. There are a few verified in- 
stances when they have been observed in Army 
personnel following the concentration of large 
amounts of blood. Removal of enlarged lymph 
nodes for biopsy has been done and adult worms 
were revealed on histological examination, and in 
some instances microfilaria were detected in utero. 

In others, the adult worm was undergoing 
degeneration or calcification. This is not a 
recommended procedure from a therapeutic stand- 
point. However, it has provided valuable in- 
formation in that it is now known that the body is 
gradually eliminating the infection. As yet there 
is no chemotherapeutic agent that is known to 
destroy the infection. H. W. Brown (6) has stated 
that a pentavalent antimony compound, known as 
anthiomaline, will decrease the microfilaria count 
in Virgin Island natives, a finding of doubtful 
importance unless it can be demonstrated that the 



MALARIA AND FILARIASIS IN TJflE RETURNING SERVICEMAN 


183 


adult worm is also destroyed. The use of heat, 
cold t X-ray, non-specific proteins, etc., has not been 
shown to be beneficial. 

There is a very prominent psychic clement in 
the picture, as could be expected with an infection 
that involved the genitalia plus the reaction after 
seeing the grotesque deformities in the natives with 
elephantiasis. Men arc concerned about sterility 
and the possibility that continued assaults on the 
lymphatic system will leave a permanent lymph- 
edema. We now have had many hundreds of men 
under constant observation for several months. 
Upon returning from overseas, many want to get 
married, do, and have already started families. 
In 249 married men questioned there were 45 in- 
stances where the wife was pregnant. This dis- 
poses of the sterility factor. As far as the possi- 
bility of servicemen developing elephantiasis is 
concerned, this is an extremely unlikely possibility. 
Elephantiasis, in natives, usually appears late in 
life and rarely involves more than 5% of the 
population, even in the most highly endemic areas. 
They have been continuously exposed to the bites 
of infected mosquitoes from the moment of their 
birth until this complication appears. Elephantia- 
sis and filariasis arc not synonymous terms, but 
elephantiasis is a complication that arises after 
many years where the assaults on the tissues have 
been constant throughout that period. The 
differences in the intensity of infection are quite 
plain when one examines the blood, as the natives 
show 60% or more having high concentrations of 
microfilaria in the blood, whereas, in the sendee- 
man it is a very unusual find to observe it in any 
individual. The secondary cases of filariasis which 
appeared in Charleston, South Carolina, a focus of 
infection which has now disappeared, were rarely 
associated with elephantiasis, because, like the 
serviceman, they were also very lightly infected. 
Brigadier N. H. Fairley (7), in Australia, reports 
that in North Queensland, 10% of the white 
population in 1920 had circulating microfilaria. 
This focus has also disappeared and no case of 
elephantiasis ever developed. 

Of interest to all physicians and public health 
officials is the question as to whether filariasis is 
likely to gain a foothold in this country from the 
infected cases. It is the opinion of the author that 
this likelihood is extremely remote if not nil. 
In the first place, circulating microfilaria, if present, 
have been observed so infrequently and so few in 
number that transmission by mosquitoes would be 
impossible. Actually, no one has been able to 


infect artificially any local mosquitoes. Secondly, 
climatic conditions in this country, with the excep- 
tion of a coastal strip in Southeastern United 
States, is not conducive to the maintenance of the 
disease. Finally, the infection as manifested in 
diagnosed cases is becoming more and more mild. 
Therefore, the future as regards the secondary 
transmission of filariasis in the United States 
should hold no cause for alarm. 

This brings us to a consideration of the type of 
care best suited to these men returning with ques- 
tionable or positive clinical symptoms. The 
term “questionable” is used because the clinical 
picture is the only means of establishing the diag- 
nosis. It has been our polity to interview each 
man as he returns and explain to him veiy care- 
fully the status of his infection. The following 
points are brought out. Since the microfilaria 
must continue their development in the mosquito, 
there is no possibility that the adult worms in the 
human body can reproduce themselves and thus 
they are not accumulating. Also the body is con- 
stantly destroying them. Therefore, the end 
Result almost certainly has to be a good one and 
Another year or two should see the disappearance of 
practically all symptoms in most cases referable to 
this disease. The man is then placed on a full 
duty status in a post where the terms “recreation” 
And “convalescent” have been purposely omitted, 
As there is no better way of convincing a man that 
he belongs to a misfit group. He is given a series 
Of gradually increasing physical exertion exercises 
in combination with a program encouraging out- 
door recreation. There is an immediate response, 
Especially on the mental side, and it can now be 
Stated that the majority of all men are not appre- 
hensive about their infection. They do continue 
to have occasional flare-ups of edema, lymph- 
angitis, and muscular soreness, but this persists 
Only for a few days, and the following attacks 
become less and less frequent. Actually, it has 
been necessary to hospitalize only one man in 800 
for filariasis, and the average stay has been five 
days. Less than 5% report to sick call with ob- 
jective findings and 12% with subjective symp- 
toms. There is one factor which remains to be 
Assessed, namely, the time factor, but all the 
Accumulated evidence to date indicates that filaria- 
sis will not result in permanent disability as has 
been feared and postulated by many. The abuse 
Of rest is very apparent during the convalescent 
period from this disease, as it is being observed in 
inany other infections or disabilities, and certainly 
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any man with filariasis needs very little encourage- 
ment to make him a permanent mental and 
physical cripple. Without curative drugs the 
program of care has been directed toward mental 
and physical rehabilitation. A daily program of 
directed military and recreational activities has 
been instituted. Some of these activities are 
very strenuous and serve as objective demonstra- 
tions that filariasis is not a crippling disease. After 
several months* observation of several hundreds of 
cases, it now seems that the problem of filariasis 
is not a serious one and that the vast majority of 
individuals now infected will shortly experience 
their final difficulty. In the interim between 
inception of symptoms and recovery , the most 
important procedure is the prevention of “hospit- 


alitis” by a sane and interesting program of mental 
and physical activity. 
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INTRODUCTION 

From the time of early Colonial history until the 
present day malaria has constituted a disease of 
more or less major importance in the United States, 
with the development of extensive hyperendemic 
territory in the warmer Southern States and a much 
larger area of milder endemicity in the con- 
tiguous regions to the north and west. At times 
the disease has broken out in epidemic form and 
has constituted a real menace to human existence. 
Unfortunately the amount of malaria in the United 
States up to the last twenty five years cannot be 
accurately assessed, first of all because accurate 
records of morbidity and mortality were not 
kept in many of the malarious areas and second 
because in the earlier decades malaria was not 
differentiated from other diseases producing 
remittent or intermittent fevers, or from typhoid 
fever. Nevertheless, there is considerable intrinsic 
evidence in the early medical history of the United 
States which indicates the general trends of the 
disease. 

THE EARLY HISTORY OF MALARIA IN THE 
UNITED STATES 

There is no indication that malaria existed in 
the United States or elsewhere in North America 
prior to the advent of the European conquerors 
and settlers (1). Certainly there was abundant 
breeding of malaria-transmitting mosquitoes, so 
that propagation of the disease would not have 
been prevented for lack of appropriate mosquitoes. 
This is concretely illustrated by the ease with 
which the disease developed and spread just as 
soon as a sufficient number of human carriers were 
available. 

It is entirely probable that some of the British 
explorers and settlers suffered from malaria, since 
the disease was at that time endemic in the Fen 
counties, Essex, Kent, Surrey and Summerset- 

1 Publication aided by a grant of the Eli Lilly Com- 
pany to the Department of Tropical Medicine, Tulane 
University. 


shire, and undoubtedly some of the Spanish and 
French explorers were infected (2). Yet there is 
no evidence that malaria developed to alarming 
proportions until the importation of the negro 
into the Southeastern States. This was particu- 
larly noted in the Carolina tidewater area when rice 
cultivation was undertaken on a relatively exten- 
sive scale (3), as well as in the rich alluvial country 
of the Gulf Coast when sugar-cane production was 
started. Here forests were cut, canals were dug 
and rice fields or cane lands were inundated, pro- 
viding an unusual opportunity for Anopheles 
quadrimaculatus to breed and thus serve as trans- 
mitter of the malaria parasites from infected 
negroes to their uninfected associates and to the 
white plantation population. Moreover, the con- 
gested unsanitary conditions under which the 
negroes existed on the slave ships which brought 
them to this country must have activated malaria 
and other disease processes to which they had 
been exposed in Africa, so that both the human 
seed beds and the new environment were favorable 
for the rapid development of these infections. In 
addition, the negro was more or less tolerant to the 
strains of the malaria parasites to which he had 
been exposed in Africa but the white man, who 
acquired malaria following infection of susceptible 
American mosquitoes, was completely non-im- 
mune. Thus, the disease became highly endemic 
and by the time of the American Revolution it had 
spread along the Atlantic coast from Georgia to 
Pennsylvania. 

Even before the Federal Government had been 
established pioneers began a westward trek for new 
land and by the beginning of the nineteenth 
century this migration had measurably increased. 
In this way malaria was carried up the river 
valleys of the Atlantic coast, across the Ap- 
palachian divide into Western New York and 
Pennsylvania and into the Ohio river valley. 
From the more southern Atlantic Coast States it 
was spread into Kentucky, Tennessee, Alabama, 
Mississippi, Arkansas and northern Louisiana. 
Meanwhile, French settlers brought malaria di- 


185 


186 


ERNEST CARROLL FAUST 


rectly to Mobile, New Orleans and Natchez, while 
Spanish immigrants from Mexico and other 
countries to the south introduced the disease into 
Texas and the Gulf Coast. 

Little by little, as new land came into cultiva- 
tion and an adequate human population was 
provided, malaria became firmly established from 
the tip of Florida to the New England States, and 
westward practically without interruption to 
Arizona and New Mexico, eastern Colorado, 
Nebraska, southeastern South Dakota, and all of 
Minnesota and Wisconsin except for the northern- 
most counties of these two states. With the 
settling of the Lake Erie shores of the Canadian 
Province of Ontario malaria developed a foothold 
in that region. Moreover, the early overland 
immigrants to the West coast carried the disease 
with them, where it took root in the lower Colum- 
bia river valley and in the Sacramento-San Joaquin 
valleys in California (2). By 1850 practically the 
entire United States constituted one vast expanse 
of malarious country, except for Maine, the north- 
ern portions of Wisconsin and Minnesota, the 
Appalachian highlands, the cool arid northwest 
plains, the Rocky Mountain area, the western 
desert and the Sierra ranges. Much of this 
territory was only mildly endemic, with epidemic 
outbreaks during the warm summer months; but in 
an extensive southeastern triangle from Baltimore 
to central Florida and westward to the state of 
Mississippi, as well as in the Qhio-Mississippi 
drainage and in eastern Texas, malaria was hyper- 
endemic. 

MALARIA DURING THE MIDDLE PART OP THE 
NINETEENTH CENTURY 

Viewing the malarious regions of 1855-1860 
from south to north, the medical historians of the 
day (2) found the disease widespread from the 
Rio Grande to Florida. On the Western plains 
there were only a few scattered foci. In Texas 
it was particularly prevalent in the Colorado and 
Brazos river valleys. It was widely disseminated 
among the Indians in New Mexico and was a 
serious medical problem at Forts Bayard and 
Union which were located more than a mile above 
sea level. The disease was hyperendemic between 
the Mississippi and Sabine rivers in Louisiana, and 
extended with equal intensity into Arkansas, 
Missouri and the Indian territory. Army forces 
at Fort Sill felt its effects, but more particularly 
at Fort Gibson, which was designated the “charnel- 
house of the Army”, On the Gulf coast east of the 


Mississippi river and extending almost to Pensa- 
cola, Florida malaria was relatively light in its 
distribution and the “piney woods” and low 
coastal hills were reputed for their salubrious 
climate. On the other hand, from Natchez to 
Memphis “Yazoo swamp fever” was hyper- 
endemic. In the vicinity of Mobile Bay and in the 
valleys of the Alabama and Black Warrior rivers, 
as well as in the marshy plains of Huntsville near 
the Tennessee border, the disease was indeed seri- 
ous. In Florida the regions of hyperendemicity 
included Escambia and Gadsden counties, Tampa 
Bay and Fort Meade. Although the situation 
was considerably better on the east coast of Florida 
from St. Augustine south, the plains of central 
Florida and the swampy coast of southeastern 
Georgia were highly malarious. 

Inland from the “deep South” there was wide- 
spread prevalence up the Mississippi and Ohio 
river valleys. This condition applied to western 
Tennessee, to the Ohio river drainage, the 
“barrens” of Kentucky, and to the adjacent por- 
tions of Missouri, Illinois, Indiana and Ohio. An 
appreciable malariousness existed throughout 
northern Missouri, Iowa and the southern half of 
Minnesota and Wisconsin. At Forts Sneliing and 
Ripley near Minneapolis, 15 per cent of the troops 
were ill with malaria, but in the Dakota Territory 
and Montana the incidence was only 5 to 6 per 
cent. The disease was relatively prevalent in 
southern Michigan, the peninsular part of 
Ontario, throughout central and northern Ohio, 
western Pennsylvania and the areas of New York 
adjacent to the Great Lakes and the St. Lawrence 
river. On the other hand, the counties of New 
York in the Finger Lakes district (Onondega, 
Tompkins, Seneca, Ontario and Oneida) were freer 
of malaria than they had been some years earlier. 
Malaria was still common in the Hudson river 
valley and along Long Island Sound, and had 
increased in the mountain valleys of New York 
and Pennsylvania, but in New Jersey and New 
England the situation was somewhat improved. 

In the western states and territories malaria 
was endemic in a few valleys in Wyoming, Colorado 
and Utah, especially in Indian settlements, and 
was a serious menace in Arizona. It was be- 
lieved not to be indigenous in Washington and 
Oregon; however, it was firmly established in the 
Sacramento and San Joaquin valleys of Cali- 
fornia, although it did not occur on the coast from 
Monterrey to San Diego. 
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In general, it may be concluded that from rela- 
tivel)' early colonial days malaria gradually in- 
creased in intensity^ in tbe foci where it first be- 
came established along the Carolina and Gulf 
coasts, then extended coas tally and inland and 
finally became endemic throughout practically 
all of the potential malaria territory within the 
confines between the Atlantic and Pacific, the 
Gulf and the Great Lakes. By about 1855 it had 
reached a peak and during the next quinquennium 
was declining. This view is confirmed by the vital 
statistics of the Surgeon-General's Office, U. S. 
Army (4). Between 1S40 and 1854 the malaria 
mortality rate of troops per 1,000 cases of malaria 
was 10S.02, but during the period between 1855 
and 1859 this rate was reduced to 61.08, 

Ackerknecht’s recently published monographic 
account, entitled “Malaria in the Upper Missis- 
sippi Valley (1790-1900)” (5) indicates that the 
disease in Illinois was highly prevalent from 1760 
until 1870, when it began to decline and then 
dropped precipitately between 1880 and 1890. 
In Missouri the high incidence plateau existed be- 
tween 1820 and 1870, but marked decrease did not 
begin until 1900. In Iowa and Wisconsin the 
high incidence rates prevailed between 1830 and 
1870, with a notable decline between 1890 and 
1900. Minnesota was rather highly malarious 
for the single decade between 1860 and 1870. 
In all of these five states in the Upper Mississippi 
basin the peak mortality occurred about 1860 
(Illinois with 37, Missouri with 112, Iowa with 79, 
Wisconsin with 57 and Minnesota with 26 malaria 
deaths per 100,000 population). 

This same writer refers to certain epidemio- 
logically distinct types of malaria in the United 
States, based on their characteristic behavior. 
These include 1) the New England type, embrac- 
ing New England and possibly’ parts of New York 
State and Virginia; 2) the Midwestern type, which 
prevailed in Ohio, Indiana, Michigan, Illinois, 
Missouri, Iowa, Wisconsin and Minnesota; 3) 
the Southern type, “comprising those states where 
malaria is endemic to this day and where consider- 
able decrease started only during this century”, 
and possibly other types, as a New Jersey- 
Marydand type. No mention is made of the 
epidemiological varieties of malaria in Oklahoma, 
Texas, the Southwest or the inland valleys of 
California. Furthermore, southeastern Missouri 
and the southern tip of Illinois belong to the 
“Southern type”, if such a distinction is actually 
justified. 


MALARIA AND THE CIVIL WAR 

With the advent of the War between the States 
and the quartering of relatively non-immune 
(because previously unexposed) Federal forces in 
the malarious South, malaria in the U. S. Army 
again increased. Considering the Army as a 
wfiole, the cases per 1,000 mean strength were as 
follows: 390.7 for 1862, 428.3 for 1863, 535.8 for 
1864, and 496.4 for 1865. However, in the depart- 
ments in the most malarious areas there was a 
notable difference among white troops from those 
in mildly endemic areas. This is illustrated in 
the averages for the period 1862-1865 as follows: 
Dept, of North Carolina, 1087.1 cases and 3.6 
deaths per 1,000 mean strength; Dept, of the 
Tennessee, 848.1 and 5.9; Dept, of the Gulf, 803.4 
and 4.8; Dept, of the Northwest 201.0 and 0.6; 
Pacific Region, 197.4 and 0.3, and Dept, of the 
East, 186.3 and 0.2. During the latter part of 
this period the negro troops in the U. S. Army 
quartered in the South were nearly twice as heavily 
infected as the white troops, but the ratio of 
deaths to cases was only 5 among the negroes com- 
pared with 9 in the whites. On the other hand, 
death from typhoid fever among negro troops 
greatly exceeded that of the whites (4). 

In the Department of the Gulf, principally cen- 
tered around New Orleans, quotidian malaria 
(estivo-autumnal?) far exceeded tertian malaria 
during the year July, 1861 through June, 1862 but 
during the next three fiscal years tertian malaria 
was somewhat more prevalent. Quartan malaria 
was at first incidental but by the fourth year had 
become approximately six per cent of the total 
cases. 

The high malaria morbidity of Federal troops 
stationed in the vicinity of New Orleans in the 
years immediately following the war remained 
high. All four forts near the city were hotbeds of 
the disease, while at Baton Rouge, in 1868 there 
were 1033 cases of malaria in a mean strength of 
227 (4). 

THE PERIOD OF RECONSTRUCTION 

The first two decades after the Civil War showed 
no abatement of malaria among the civilian popu- 
lation in the South. The Annies of the Con- 
federacy’' had drawn the effective white manpower 
from the plantations, while most of the emanci- 
pated negro slaves were making poor use of their 
newly acquired freedom. Thus the fertile bottom 
lands of the Atlantic seaboard, of the Gulf coast 
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and the Mississippi delta region from New Orleans 
to Cairo remained for the most part uncultivated 
and undrained and provided extensive breeding 
grounds * for malaria-transmitting mosquitoes. 
Moreover, the poorly nourished human population 
offered an increased opportunity for the disease 
to gain the ascendency. 

The following data are suggestive of the drain 
which malaria continued to make on the economy 
of the United States during the last three decades 
of the nineteenth century. In 1874 at Cairo, 
Illinois twenty per cent of all hospitalized cases 
had malaria (6). In 1881 the malaria death rate 
in Shreveport was 0.43 per cent of the total popula- 
tion; in Vicksburg, 0,32; in Baton Rouge, 0.17; 
in New Orleans, 0.1, and in Natchez, 0.06. All of 
these are today considered to be tropical death 
rates for the disease* During this period malaria 
continued to be prevalent along the Missouri river 
bottoms, was a frequent source of illness in south- 
eastern Kansas (6), was common in counties of 
Iowa and Illinois bordering on the Missouri river 
and in the Illinois and Wabash river drainages. 
It was highly endemic in parts of Northern Illinois, 
Indiana, Ohio and Michigan bordering on Lakes 
Michigan and Erie, and cases were commonly 
seen on the wards of the Johns Hopkins Hospital, 
the Philadelphia General Hospital and the Massa- 
chusetts General Hospital during this period. 
In the 1880’s Ontario was still highly malarious 
along the shores of Lake Erie and Lake Ontario (6) . 
The disease was even moderately prevalent on 
Manhattan Island (6). 

DISCOVERY Or THE ETIOLOGY AND 
TRANSMISSION OF MALARIA 

Although Laveran had discovered the etiological 
agents of malaria in 1880, for a decade his findings 
failed to find recognition among American physi- 
cians. But during the 1890’s Dock (7, 8), Thayer 
(9, 10, 11), Welch (12), MacCallum (13, 14), 
Craig (15, 16, 17), and others made substantial 
contributions to the morphology and life cycle of 
the malaria parasite? and to the relationship of the 
etiological agents to the production of the disease. 
These observations, supplementing the basic 
investigations of Ross and Italian students of 
malaria, placed the etiology and epidemiology on a 
sound foundation, yet the diagnosis of the disease 
by demonstration of the plasmodia in blood films 
was not enthusiastically undertaken except in a 
few medical centers as Boston, Philadelphia, 
Baltimore and New Orleans. In the average case 


malaria was still diagnosed by clinical methods 
alone and was frequently confounded with typhoid 
fever, while diagnostic ignorance was masked under 
the convenient terra “typho-malaria”. This situa- 
tion existed in the TJ. S. Army during the Spanish- 
American War (1898-1899). Colonel Charles F. 
Craig has related to the writer that at Camp 
Chickamauga, Georgia, at an elevation well above 
the usual malarious zone, many fevers were diag- 
nosed as malaria by enthusiastic young Army 
surgeons and the patients given courses of quinine, 
whereas most of them were suffering from typhoid 
fever and some actually died of the disease while 
under quinine therapy. 

Even with the advances which have gradually 
developed in the understanding of malaria in the 
United States between 1900 and 1945 a consider- 
able proportion of physicians in endemic areas, 
when left to their own initiative, are content to 
rely solely on clinical diagnosis, while many physi- 
cians outside present-day malarious areas are not 
even conscious of the possibility of malaria in their 
patients and have no idea how specific diagnosis 
is accomplished. 

DECLINE IN MAIARIOUSNESS 

During the first two decades of the present 
century there was cumulative evidence, as Maxcy 
(18) phrased it, "that the northern border of the 
‘malaria belt' has been retreating”. He demon- 
strated for the first time on the basis of malaria 
mortality data by counties that this was occurring 
in Missouri, Indiana, Kentucky and Virginia. 
The death rate per 100,000 population in Missouri 
was 17.0 in 1910 and 4.0 in 1920; in Indiana it was 

10.0 in 1900 and 0.7 in 1920; in Kentucky it was 

10.0 in 1910 and 1.0 in 1920, and in Virginia it was 

3.0 in 1915 and 1.0 in 1920. Moreover, Barber 
(6) found it to be greatly reduced in southern 
Illinois, and Vaughan (18) compared the malaria 
mortality rate of 20.0 per 100,000 in Michigan 
during the 1880’s to 0.1 or lower after 1915. Simi- 
lar favorable declines were reflected in the malaria 
cases and deaths in the Massachusetts General 
Hospital, the Johns Hopkins Hospital and the 
Charity Hospital in New Orleans. What condi- 
tions or factors were responsible for this improve- 
ment? 

From the time of its introduction from Europe 
and Africa it was observed that malaria increased 
wherever opportunity was provided for the abun- 
dant breeding of mosquitoes around human habita- 
tions, in other words, wherever man-made malaria 
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was possible. This commonly occurred when 
forests were cut and virgin sod was turned over for 
the cultivation of crops, and in the more arid 
prairies of Kansas and Nebraska where artificial 
ponds were constructed for watering livestock 
(6). Only when land was brought under total 
cultivation and, was scientifically drained, or 
when artificial ponds were replaced with wind- 
mills was the mosquito hazard minimized and 
malaria proportionately reduced. Examples are 
abundant and include the tobacco-growing areas 
of the Connecticut river valley, the vineyard lands 
of central New York State, the swampy suburban 
area east of Cleveland, Ohio, the cornfields of 
Indiana, Illinois, Iowa and Northern Missouri and 
the wheat lands of Kansas, Nebraska and the 
eastern part of the Dakotas. 

Added to the above breeding grounds were those 
occasioned by the building of railroads with their 
“borrow pits” to fill in grades, and in the natural 
lowlands of innumerable valleys which flooded at 
times of high water and provided many residual 
pools favorable for anopheline breeding after the 
overflow had receded. Right-of-way breeding 
along railroads occurred all over the country and 
similarly the undrained water left after spring 
floods constituted widespread spawning grounds 
for the mosquitoes. The gradual filling in or drain- 
ng of these breeding places reduced the liability of 
transmission. 

Probably equally important was the reduction in 
the price of quinine, from $4.50 per ounce in the 
1880's to 25 cents in 1913 (6). This brought it 
within the reach of the common people who were 
most frequently exposed to infected mosquitoes. 
The family ritual of taking quinine every day with 
coffee appreciably decreased clinical malaria and 
greatly lowered the malaria death rate. 

Nevertheless in 1920 malaria was by no means 
a disease of historic interest only. It is true that 
hyperendemic belts had been limited primarily to a 
southeastern triangle from the coast of North 
Carolina to Central Florida and west to Central 
Alabama; to the Mississippi delta from Cairo to 
Natchez; to the counties of Arkansas, Louisiana, 
Oklahoma and Texas where these states join, and 
to the lower Rio Grande; but at least 90 per cent of 
the South was still malarious. However, except 
in scattered surveys accurate morbidity data were 
essentially lacking and several of the highly malari- 
ous states (Alabama, Arkansas, Georgia, Oklahoma 
and Texas) were as yet not in the U. S. registration 


area, so that even dependable mortality statistics 
were not available. 

ANNUAL MORTALITY DATA FOR MALARIA 

I became interested in malaria in the South in 
1928 when I came to occupy the newly created 
professorship of parasitology in the Tulane Uni- 
versity School of Medicine, the first medical school 
in the United States to recognize the need for 
training undergraduate medical students in the 
practical aspects of human parasitology. Most of 
the Tulane medical graduates were practitioners in 
malarious communities in the southern United 
States and in order to understand their problem it 
was important to obtain whatever concrete infor- 
mation there was available on malaria for the 
entire area. Beginning with the year 1930 (20) 
and continuing each year to the present time 
(21-33) inquiries have been directed, under the 
auspices of the National Malaria Society, to state 
bureaus of vital statistics for the purpose of obtain- 
ing yearly malaria mortality data for the state as a 
whole and for each of its political subdivisions. 
Beginning with the data for 1933 (25) Ohio, Indi- 
ana, Illinois, Kansas and California were added to 
the territory surveyed and by 1939 (29) all of the 
forty-eight States and the District of Columbia 
were providing information annually. 

Mortality data were chosen as a basis for evalu- 
ating the status and trends of malaria because the 
causes of death are required to be certified in each 
of the States and, although they arc certainly not 
invariably reliable in individual cases, cn masse 
they are usually statistically significant. The 
year 1929 was selected as the starting point for the 
accumulated data, since this was the first year in 
which all of the states in the highly malarious terri- 
tory except Texas were in the U. S. Registration 
Area. However, total malaria deaths per year 
have been accumulated in the record for years 
antedating 1929 as follows: Alabama, from 1925; 
Arkansas, from 1927; Florida, from 1919; Georgia, 
from 1921; Kentucky, from 1915; Louisiana, from 
1918; Mississippi, from 1919; Missouri, from 1915; 
North Carolina, from 1915; Oklahoma, from 1928; 
South Carolina, from 1916; Tennessee, from 1917, 
and Virginia, from 1915; and, in addition, Califor- 
nia, from 1915; Illinois, from 1918, Indiana and 
Ohio, from 1915 (U. S. Bureau of the Census, 
Division of Vital Statistics). Thus, in several of 
these states a malaria mortality curve is available 
for inspection over a twenty-five to thirty-year 
period. 
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Attempts have been made on several occasions 
(23, 25, 31, 32, 33) to obtain malaria morbidity 
data from the state bureaus but even in the more 
malarious states information has been practically 
valueless, partly because of self-treatment by pa- 
tients, partly as a result of the widespread practice 
by physicians of making a presumptive clinical 
diagnosis without microscopic examination of 
blood films and partly due to carelessness of physi- 
cians in keeping records* Frequently in certain 
highly malarious areas the number of certified 
malaria deaths has been and still is higher than the 
recorded cases of malaria. This means that even 
today in certain localities there is no official record 
of malaria until a patient dies of the disease. 

During the Civil War and the Spanish-American 
War troops quartered in camps in the South had a 
high ratio of malaria deaths to cases, but during 
World War I, with early accurate blood-film 
diagnosis and thorough treatment, the Army forces 
in the same malarious areas experienced the favor- 
able ratio of one death for each 415 cases (34). 
This has provided the only actuarial basis for the 
period on which to compute the probable number 
of malaria cases occurring within the area (35). 

MALARIA MORTALITY TRENDS SINCE 1915 

A study of the mortality rates by states as they 
have become available since 1915 indicates that 
there have been periodic peaks and depressions in 
the rate curves, apparently associated with an in- 
crease and decrease in malariousness. Although 
there has been some variation in the peak years in 
different states, the cycle has been repeated about 
every five to seven years, for example between 
1914-1918, 1920-1922, 1927-1929, and 1933-1935 
(see fig. 1). Another peak was anticipated be- 
tween 1938 and 1941 but with the exception of a 
very’ slight increase in the rates for Alabama, 
Louisiana, Kentucky and Tennessee in 1938, for 
North Carolina in 1940 and for Texas in 1941 
there has been no change in the unusually favorable 
decline in malaria deaths since 1935. 

No satisfactory explanation for the cyclic 
changes in the malaria mortality rate curve has 
been advanced. It does not fit in with solar cycles 
which have been cited as governing biological 
trends about every eleven years, and no one has 
produced a plausible meteorological explanation, 
although the amount of precipitation may have 
had some causal connection. However, with few 
exceptions the mortality rates for the 1933-1935 
peak were higher than the two previous peaks (25) 


and this situation appears to have been directly 
related to the severe economic depression at the 
beginning of that period. Actually the upward 
trend was partially predictable in the 1932 re- 
turns (23), but it developed more rapidly than had 
previous cyclic increases. 

The high mortality of the early depression years 
(1933-1935) (23, 24, 25) is attributable to a number 
of factors, including the low market value of cot- 
ton, rice, sugar and tobacco, with resultant reduc- 
tion in cultivated land. On the one hand this per- 
mitted increased mosquito breeding, as during the 
Reconstruction Period from 1865 to 1880, and on 
the other hand reduced the earnings of tenant 
farmers and share croppers below a subsistence 
level, while hired labor was for the most part en- 
tirely on relief. Quiescent cases of malaria became 
active, many new cases developed and there was no 
money to buy anti-mosquito sprays or even qui- 
nine. For a time anti-malarial drainage projects 
were undertaken to get the unemployed on relief 
as quickly as possible but without consulting 
Federal or state sanitary engineers as to the effect 
of ditch digging on the control or spread of the 
disease. In the opinion of qualified state public 
health officers this emergency measure actually 
increased malaria in some highly malarious areas, 
as in South Carolina, Florida and Mississippi, and 
carried it into adjacent territory. However, just 
as soon as Federal funds became available through 
the U. S. Public Health Service, an intensive sani- 
tary campaign was undertaken in cooperation with 
state departments of health (27) to bring about 
malaria control in the following ways: 1) Iarviridal 
control through extensive scientific drainage and 
through spraying of AnopMes-biee&mg areas; 2) 
establishment of central and regional laboratories 
in every malarious state for training technicians 
in the accurate diagnosis of malaria parasites; 3) 
encouragement of physicians throughout these 
states to send in to the state laboratories blood 
films of all suspected cases of malaria; 4) introduc- 
tion of atabrine to supplement quinine and in later 
years in a considerable degree to supplant quinine 
in the treatment of malaria, and 5) not least in the 
armamentarium, development of a better state of 
nutrition among the poorer classes, who were most 
frequently exposed and most commonly have felt 
the direct effects of malaria through the sapping of 
their vitality. Added to the above measures have 
been the use of anti-mosquito sprays on an ex- 
tended scale and increased and better screening of 
homes, particularly as demonstration projects in 




Fig. 1. Chart showing the year- by-year malaria mortality rate per 100,000 population for each of the fourteen malarious states in the southern United States, 
1020—19*13, together with the average rate each year for these states. On the right the rate scale is enlarged for the years 1940-1943 for the purpose of clarification. 
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certain areas. Moreover, the Tennessee Valley 
Authority, through its Health Department, has 
served as a large-scale, scientific field laboratory, 
to test and put into practical operation certain 
aspects of naturalistic control of mosquito breeding, 
as well as antilarval spraying and treatment of 
cases* These measures which have just been out- 
lined have in no small measure been responsible 
for the rapid decline in the malaria death rate in 
the South and for the general improvement in the 
malaria situation in adjacent territory. 

CHANGES IN THE MALARIA PICTURE IN THE LAST 
TWENTY-FIVE YEARS 

In 1936 Daucr and Faust (24) remarked: “It is 
extremely interesting that a map published by 
Maxey (IS) in the Public Health Reports in 1923, 
showing the average mortality by counties for 1919 
to 1921 inclusive, covering this same area,” i.e., 
the southern United States, “is almost a counter- 
part of the map we have prepared. Not only are 
the outlines of the endemic areas approximately 
the same, but the mortality rates are quite similar 
except in Virginia and North Carolina” (where 
they had notably decreased). The map referred to 
by Daucr and Faust (24) was for the four-year 
period 1929-1933. Later I prepared a map for the 
entire United States showing the average mortality 
rate for the ten-year period 1929-1938 (36). This 
map (fig. 2) showed the same areas of hvpcrcnde- 
micity as well as the contiguous regions of milder 
endemicity extending to the northeast, north, 
southwest and with foci on the Pacific coast. The 
situation had vastly improved since 1850-1860 but 
still constituted an extensive public health problem 
which required attention. 

By 1940, however, the status had become nota- 
bly better (30) (see fig. 3). Although 34 per cent 
of the counties in the southeastern United States 
and the adjacent eastern plains area of Texas each 
had one or more malaria deaths for the year 1940, 
the mortality rate exceeded 25 per 100,000 popula- 
tion in only twenty-eight counties (six in Alabama, 
two in Arkansas, five in Florida, five in Georgia, 
three in Mississippi, five in South Carolina and 
two in Texas), and of these only one (Dixie Co., 
Florida) had a rate in excess of 50. By 1941 (31) 
the situation was greatly improved in Alabama, 
better in Georgia, but with more counties having a 
rate of 25 or higher in Florida (six), South Carolina 
(seven) and Texas (four) , and one each in Louisiana 
and Tennessee. The total number of counties in 
the South with a Tate in excess of 25 was one more 


than in 1940 but the total reported deaths for the 
fourteen most malarious states was 1113 (average 
rate, 2.73) instead of 1346 (average rate, 3.4) for 
1910. By 1942 (32) only four counties had a mor- 
tality rate of 25 or more and the average rate for 
the fourteen southeastern stales and Texas was 
reduced to 2.02, with 692 deaths. However, there 
was an appreciable average rate increase during the 
year in Kentucky (from 0.42 to 0.46), in Missouri 
(from 0.53 to 0.66) and in Oklahoma (from 0.98 
to 1.28). 

The most recently collected data (e.g., for 1943) 
(33) indicate an overall continued progress in the 
favorable condition. There were seven counties 
(one in Arkansas, two in Florida, one in Mississippi, 
one in Missouri, one in North Carolina and one in 
Texas) which had a mortality rate in excess of 25. 
None of these counties was in the 1942 list and only 
one in the 1941 list. This indicates considerable 
annual fluctuation in the rates of counties in hyper- 
cndcmic territory, so that the date by counties 
must be regarded as significant only when a high 
or low rate is maintained over a period of years. 
However, for 1943 the average rate for the fourteen 
Southern States was reduced to 1.46, with 576 
deaths, showing a continued general decline in the 
death rate. In a decade the malaria death rate in 
these states had declined from 12.5 (1934) to 1.46 
(1943), or 88.3 per cent. 

Within the same period of time the average ma- 
laria death rate for the entire United States 
dropped from 3.43 (1934) to 0.47 (1943), a reduc- 
tion of 86.3 per cent. Thus, the decrease in deaths 
throughout the country has paralleled that in the 
more intensely malarious South. During this 
period the percentage of total malaria deaths for 
the South, compared with the entire United States 
fluctuated considerably. In 1934 it was 96.7; in 
1941, 80.0; in 1942, 94.3, and in 1943, 92.6. 

malaria morbidity during the past decade 

It has already been stated that malaria morbid- 
ity rates in the United States have been unreliable 
for statistical purposes and the reasons for their 
unreliability have been given. But since 1941, 
there is one important reason for believing that a 
significant reduction in malaria cases should have 
occurred, namely, the unusual precautions taken 
by the U. S. Army inside military camps (37) and 
similar preventive measures of the Division of 
Malaria Control in War Areas of the U. S. Public 
Health Service immediately around military reser- 
vations (38), to prevent malaria from developing 
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in the military and civilian populations of these 
areas. The significant improvement in malaria 
case rates of military forces within the Continental 
United States has been emphasized by Simmons 
(37), who has published charts comparing malaria 
morbidity in the troops within the country in 
World War I and World War II. This provides 
concrete evidence of the effect of the control meas- 
ures instituted in and around encampments. Ac- 
tual figures for World War II cannot yet be released 


Within the decade there has been evidence of 
increased interest in the amount of malaria in the 
United States. In the South there have been 
state-wide malaria surveys in North Carolina and 
Mississippi (33). These have indicated that the 
disease is still widespread and at least in Mississippi 
is endemic in every county of the state. The in- 
formation is important because it provides an index 
of potential widespread danger at a time when 
greatly reduced malaria mortality might suggest 


MALARIA 
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Fig. 4. Chart showing malaria morbidity in the U. S. Army 1) in the Continental U. S., 2) overseas and 3) total 
Army, January 1, 1941 through June 30, 1944, (Prepared by, and permission for publication generously granted 
by the Division of Preventive Medicine, Office of the Surgeon General, U. S. Army,) 

but through the courtesy of the Division of Preven- that precautions could be relaxed. As I stated in 
live Medicine of the Surgeon- General’s Office I am 1939 (27) so today I may reaffirm, “an unduly high 
permitted to include in this paper a recently pre- percentage of the population in the South lives in 
pared chart showing the amount of malaria per malarious territory.” 

1000 men per year in the Army forces who have not In mildly malarious areas and those in which 
been overseas, the amount in the overseas forces malaria is no longer endemic, as in most of New 
and that in the Army as a whole (see fig. 4). This England and the more northern prairie and Rocky 
chart supplements the one published by Simmons Mountain states, epidemiologists and vital statis- 
(l.c.) in showing how effective malaria control ticians have in recent years meticulously tried to 
measures have become. trace to its origin each case or death due to malaria. 
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The 1943 data which have been assembled (33) 
show that some of these malaria patients acquired 
the disease in malarious communities in the South; 
others were apparently infected while serving in a 
military or civilian capacity overseas; several were 
drug addicts who developed the disease through use 
of a common hypodermic syringe, and a few were 
apparently infected following blood transfusions. 
Today persons only infrequently acquire the dis- 
ease outside of relatively heavy foci of infection in 
the warmer moist areas of the United States or in 
malarious territory outside the Continental United 
States. 

THE MALARIA SITUATION TODAY 

The several measures which have been under- 
taken by Federal and state agencies to bring 
malaria under control have yielded valuable re- 
turns, particularly in the heavily endemic areas in 
the Southern States. Mortality has been reduced 
by approximately seven-eighths within a decade 
and it seems likely that morbidity has been de- 
creased to an even greater degree. Whereas it is 
possible that one out of every hundred persons who 
contracted Plasmodium falciparum infection in 
hyperendemic areas of South Carolina, Georgia, 
Florida, Alabama, Mississippi, Louisiana, Arkan- 
sas, southeastern Oklahoma and northeastern 
Texas during the depression years may have suc- 
cumbed to the disease, it seems equally possible 
that the present-day ratio of deaths to cases in the 
same localities ranges between 1:500 and 1:1000. 
No proof is yet available but the decrease in the 
number .of deaths and the increase in accurate 
blood-film examination over larger and larger areas 
provide an increasing amount of qualitative evi- 
dence of the interrelationship of these two types of 
data. 

On the basis of this changing malaria picture I 
have found it helpful to superimpose morbidity 
data on mortality data for the year 1943 and to plot 
these on a county map of the United States (fig. 5). 
This visualizes the distribution of malaria in 1943 
and in no sense indicates the intensity of the dis- 
ease save in so far as combined mortality and 
morbidity accentuate the blocks of highly malari- 
ous territory. Moreover, there are several appar- 
ent inconsistencies in the data. For example, it is 
quite unlikely that malaria acquired locally in the 
northern part of the United States (i.e. t relatively 
benign Plasmodium vivax infection) was primarily 
responsible for death. Xn the second place, it is 


highly improbable that deaths occurred in the more 
malarious counties in the South without a corre- 
sponding large number of cases of malaria which 
survived. Again, neither deaths nor cases are 
recorded for some of the counties which in rela- 
tively recent years have been consistently malari- 
ous. Nevertheless, the picture as a whole is reveal- 
ing and, if it is remembered that it represents only 
a single year's returns and is subject to some 
fluctuations from year to year, it provides a fairly 
faithful blueprint of the present-day distributional 
pattern of malaria in the United States. 

THE POTENTIAL DANGERS OP ESTABLISHING 
EXTRINSIC STRAINS OP MALARIA PARASITES 
IS THE UNITED STATES 

It will be remembered that the indigenous ma- 
laria infections of today are those which were 
introduced by the early settlers from southern 
Europe and particularly by negro slaves from 
Africa. These strains of Plasmodium vivax , P. 
falciparum and P. malariae had little or no diffi- 
culty in becoming established in Anopheles quadri- 
macula l us and A. frethorni as soon as climatic and 
local ‘conditions became favorable. The strains 
of the three parasites have survived the vicissitudes 
of many decades and for the most part have main- 
tained their virulence, but population groups who 
have been repeatedly exposed to infection with 
these organisms have developed relatively high 
tolerance to the homologous strains. From time 
to time the infections have become more heavily 
endemic in the mother foci in the southern United 
States and soon thereafter have spread rather ex- 
tensively to adjacent areas. Moreover, vivax ma~ 
laria for many years was also widely distributed in 
the more temperate northern part of the country 
where it survived the cold winter months because 
of its tendency each spring to produce relapse in 
the infected individuals. This provided the seed 
for the new crop of Anopheles infection. On the 
other hand the relatively non-relapsing falciparum 
malaria seldom if ever survived the winters in the 
North and quartan malaria was so scant in its 
endemic foci in the South that it practically never 
became established in cooler climates. Both vivax 
and falciparum infections in the inland valleys in 
California have been repeatedly reinforced by itin- 
erant or seasonal laborers who had acquired malaria 
in the hyperendemic areas in the South. Thus, 
there is cumulative evidence to demonstrate that 
malaria can be readily established anew in Anophe - 
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fcx-breedmg areas if favorable conditions of mos- 
quito breeding coincide with sufficient infection in 
the human population. What are the dangers of 
establishing new strains of malaria parasites from 
the Tropics and Mediterranean area with the 
return of mili tan* and civilian personnel who have 
been exposed in hyperendemic areas? 

First of all, it may be stated with considerable 
assurance (39, 40) that the consistent use of sup- 
pressive atabrine therapy, utilising 1.5 grains (0.1 
gm.) of the drug daily per man for six days per 
week, beginning approximately two weeks before 
expected exposure to malaria and continuing 
through the entire period of exposure, has greatly 
reduced clinical evidence of the infection, irrespec- 
tive of the species or strain of the malaria parasite. 
Under disciplined suppressive rationale in falci- 
parum rcefarsa it is uncommon for the infection to 
become cither clinically apparent or for the plas- 
modia to parasitize circulating red blood corpuscles. 
In consequence falciparum malaria rarely appears 
in returned military personnel from hyperendemic 
areas. Not only are the immediate incapacitation 
and the hazards of sequelae largely avoided while 
the individuals are in the malarious territory, but 
the danger of introducing these strains into the 
United States is greatly minimized. On the other 
hand, :»mr malaria is characteristically only tem- 
porarily kept below the thrcshhold of clinical 
expression by suppressive rationale and after cessa- 
tion of therapy develops to a clinical level and 
quite regularly produces several to many so-called 
relapses in spite of repeated use of antimalarial 
therapy in full clinical accounts. It is this type of 
patient who constitutes a potential hazard for 
establishing exotic strains of malaria on his return 
to the United States; experience is showing that on 
the average he may constitute a source of potential 
infection for Anopheles mosquitoes for about two 
years after his return. Thousands of persons with 
relapsing vivas malaria have already been returned 
to military hospitals in this country and, in spite 
of the greatest precautions which are being exer- 
cised by medical officers of the Army and Navy, 
some of these individuals have been and will be 
sources for mosquito infection in their home com- 
munities. Some concrete proof of this statement 
already exists in the files of state epidemiologists. 
This danger will continue over a period of time 
after the last task force has returned from malari- 
ous territory. 

Civilian personnel and individuals in the U. S. 
Merchant Marine, who have been in overseas 


malarious areas and have not been subject to the 
exacting discipline of suppressive therapy now 
carried out by our military establishments, consti- 
tute a less common source but a more likely one for 
the introduction of malaria into this country. 
Moreover, several of these infected individuals 
have already been seen, particularly in ports of the 
Atlantic Seaboard, where charity clinics, hoard of 
health laboratories or private physicians have been 
consulted. This group has been found to harbor 
all three species of malaria parasites, so that these 
returning civilian and Merchant Marine personnel, 
who have been under no military discipline or 
regulations, constitute a relatively important po- 
tential source of new malaria. 

In connection with the importation of m&tarfc 
there remains the important question whether 
these strains of plasmodia are acccptiblc to our 
malaria-transmitting mosquitoes. Without wait- 
ing for long-time practical demonstrations it has 
already been ascertained that Anopheles quadri- 
maculotns and A, frcchorni will develop strains of 
vivax plasmodia from Mediterranean and South- 
west Pacific foci as readily as these mosquitoes do 
the strains well-established in this country (41). 
Thus, there is no natural obstacle at least to the 
establishment of exotic strains of vivax malaria in 
the United States. This demonstration suggests 
the need for even greater precautions to keep 
gamctocytc carriers of exotic strains of vivax ma- 
laria from native anophcline mosquitoes. 

SUMMARY 

There is essentially no evidence that malaria 
existed in the United States before the advent of 
European explorers and settlers. It became a 
serious clinical and public health problem with the 
importation of African slaves for rice cultivation in 
the Carolinas and sugar cane development in the 
Gulf Coast plantations. Its establisheracnt was 
made possible by bringing together readily avail- 
able sources of infection for mosquitoes and by 
susceptible Anopheles mosquitoes which increased 
in numbers with the breaking of virgin sod and 
felling of forests. From the primary foci it spread 
along the Atlantic Coast from Florida to New Eng- 
land, was carried along several routes over the 
Appalachians and became well established through- 
out practically the entire Mississippi drainage. 

It was likewise carried by explorers and immi- 
grants to the Pacific Coast, where it developed 
substantial roots. 

B 3 r 1S50-1S60 most of the settled part of the 
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country was highly malarious, although the hot- 
beds of the infection were in the South. Federal 
forces in the South suffered heavy casualties during 
the military operations of the War Between the 
States, while the Days of Reconstruction visited 
upon the South a prolonged period of intense 
malariousness. Although there was some 
improvement during the last two decades of the 
nineteenth century, even the discovery of the 
etiological agents of malaria and the elucidation of 
their life cycles, with the essential role played 
by Anopheles mosquitoes, did not greatly stimulate 
accurate diagnosis or the undertaking of control 
measures. Yet little by little as prosperity de- 
veloped in the United States, as land came under 
more intensive cultivation and the price of quinine 
was greatly reduced, the heavily endemic territory 
began to shrink into the area from the coast of 
, Virginia to Central Florida and westward to east- 
ern Oklahoma and Texas. 

Between 1915 and 1933 there was little change 
in the malaria picture except for the five-to-seven 
year cycles of ebb and flow. The serious economic 
depression beginning in 1931 greatly increased 
the amount and distribution of the disease, but 
this stimulated extensive coordinated control 
measures which have been responsible, at least to a 
considerable degree, for the marked reduction in 
malaria mortality and morbidity. Yet today 
there is extensive malaria in the South, although 
much less intensive than a decade ago. 

In contrast to the situation which existed during 
the Civil War and the Spanish- American War, 
during World War I Army encampments in the 
South provided careful diagnosis and treatment for 
their malaria patients and established the first 
reliable actuarial basis between deaths and cases 
in the malarious Southern States. With much 
more experience, during World War II the malaria 
case rate in soldiers who had not been outside of the 
Continental United States has constituted a small 
fraction of that in the World War I in the 
same endemic foci. This has been due to military 
efforts within the posts and those of public health 
agencies immediately around the camps. More- 
over, this joint control has also had its favorable 
effects on the nearby civilian communities. 

Because of suppressive chemotherapy in hyper- 
endemic malarious areas of military operations 
outside the Continental United States, materially 
aided by malaria survey and control operations, 
malaria is no longer a serious clinical problem with- 
in controlled military zones. Moreover, falci- 


parum malaria is usually liquidated by adequate 
suppressive treatment, but vivax malaria is charac- 
teristically subject to repeated relapses up to two 
years. Thus, vivax cases among military person- 
nel returning to the United States constitute a 
potential hazard for the establishment of exotic 
strains throughout the country wherever suscepti- 
ble Anopheles mosquitoes are allowed to breed. 
In addition, civilians and merchant seamen, who 
have not been under strict military discipline and 
have been exposed to malaria overseas, constitute 
a grave potential risk since they frequently harbor 
falciparum, vivax and even at times quartan 
malaria parasites. 

CONCLUSION'S 

At the lowest level of malaria in our history since 
the disease became firmly established nearly two 
hundred years ago there is the opportunity to re- 
duce the infection below the level of natural 
propagation, provided the following measures are 
carried out: 

1. Reduction of Anopheles qtiadrimaculalus and 
A. freeborni breeding in hvperendemic foci 
to a point where the chances of man-mosquito- 
man development of the life • cycle are very 
infrequent. 

2. Continued, more extensive consciousness of 
malaria in patients appearing for consulta- 
tion and treatment, not only in highly 
endemic territory but in areas of milder 
endemicity and in non-malarious regions. 

3. Increased accurate blood-film diagnosis. 

4. Treatment of all malaria patients with 
adequate amounts of antimalarial drugs until 
cure is effected. 

5. Inquiry by all physicians consulted by 
veterans, merchant seamen or civilians, who 
have been overseas, regarding a history of 
malaria or exposure to malaria, and notifica- 
tion to local health authorities of potential 
malaria carriers. 

6. A minimum food ration for the poorer ele- 
ments of our population, which is quantita- 
tively and qualitatively adequate to produce 
resistance to disease. (Frequently actual 
cure can not be effected until bodily resist- 
ance has been built up to destroy the malaria 
parasites in the fod outside red blood cells.) 

7. Serious consideration of the advisability of 
instituting suppressive antimalarial therapy 
to populations in hypcrendcmic fori which 
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remain resistant to reduction by other practi- 
cal methods. 
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LABORATORY STUDIES OF THE $ A IM IRI- 1 1 A EM A G 0 C. U S CYCLE OF JUNGLE 

YELLOW FEVER 1 

Marstos Bates and Maxcej. Roca-Gakcia 

A 

ViHstsur.cfa field ’wc/^rv, ViUcriceneifi f Crbnbh 


i. xsTronrcTios 

In a recent article. Dr?. Burlier, Bc^hell-Man- 
rique, Roca-Garm and O.-onw-Mcsa (19-5*1) 
published the result? of thrir extensive field investi- 
gations of Vellore fever in eastern Colombia. On 
the basis of these studies they formulated n theory 
of the epidemiology of the disease which is, es- 
sentially* that virus is maintained by constant 
mammal to mamma! passage by means of mos- 
quito vectors, chiefly a single mosquito species, 
JJemagegus r.rfrtVcrnn. Thb theory would have 
a sounder ba«:s if the transmission mechanisms 
postulated fn>m the held evidence could l>c repro- 
duced and studied under condition* of laboratory 
control, and our efforts during the past several 
years have been largely directed toward this 
goal* It seems surprising that the laboratory 
reproduction of possible transmission mechanisms 
in yellow fever in Colombia should be difficult, 
since transmission of the virus by Aedes acgypH 
and other mosquitoes between rhesus and other 
monkeys has long !>ecn commonplace. We found, 
however, unexpected difficulties when we tried 
to maintain such transmissions with entirely local 
materials— with local mammals, local strains of 
virus and local mosquitoes. The chief obstacle 
seems to have been difficulty in handling the 
vector mosquito (Bacmagogus capricornii) in tlie 
laboratory, but it was also necessary to make stud- 
ies of the behavior of various strains of virus and of 
various mammal species under the experimental 
conditions. 

We have long thought that if we could get one 
local transmission mechanism under laboratory 
control, the study of other possible mechanisms 
would be greatly facilitated and a standard would 
be established for the evaluation of various mam- 
mals as hosts and various mosquito species as 
vectors. The object of the present article is 
to describe such a “standard mechanism” which, 

1 The studies and observations on which this paper 
is based were conducted with the support and under the 
auspices of the Section of Special Studies maintained 
by the Colombian Government and the International 
Health Division of The Rockefeller Foundation. 


at the time of writing, has been carried through 5 
laboratory cycles, with saimiri monkeys as hosts 
and Bacmagogus capricornii as vectors, so that 
there is no question as to the reproducibility of 
the particular virus-mosquito-mammal relation- 
ship. The earlier transmission experiments have 
not been reviewed because it is difficult to deter- 
mine whether particular results were properties of 
the materials used (mammal, mosquito, or virus 
strain) or of the technical procedures. Experi- 
ments have been started using mammals other 
than saimiris and mosquitoes other than Bacma- 
gogus capricornii, but tins work is still in a pre- 
liminary stage. Studies of virus behavior in sai- 
miri monkeys have already been published (Bates, 
1944a), and attention in the present review is 
consequently centered on the mosquito half of this 
particular transmission cycle. 

The experiments on virus behavior in the 
mosquito would have been much clearer and more 
satisfactory if parallel experiments could have 
been made with Acdcs aegypti . Tins species docs 
not, however, occur in the region of the laboratory, 
and we have not eared to run the risk of possible 
escapes by introducing a laboratory colony. 

The first attempts to obtain transmission of 
yellow fever virus with Bacmagogus capricornii 
(jantkhiomys) were made by Kumm and Fro- 
bisher (1932), who were unable, however, to keep 
the mosquitoes alive long enough to complete 
their experiments. An tunes and Whitman (1937) 
have reported a series of experiments with species 
of the genus Bacmagogus, They found that the 
mosquitoes retained virus for at least two weeks, 
and they secured transmission in one instance. 
They also experienced difficulties in maintaining 
the mosquitoes alive in the laboratory* Virus 
was first isolated from wild specimens of the genus ' 
by Shannon, Whitman and Franca (1938), who 
obtained transmission to a rhesus monkey by bite 
by a captured Bacmagogus capricornii , Virus has 
subsequently been isolated repeatedly from this 
species in Colombia by Bugher and his co-workers 
(1944). 

The genus Bacmagogus presents difficulties from 
the taxonomic point of view, and the various 
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specific populations are distinguishable only by 
rather obscure morphological characters. The 
problem of identification is simplified in the 
Villavicencio area by the apparent homogeneity of 
the population; many thousands of specimens have 
been examined by Komp (1936), Antunes (1937), 
and in the course of the present work by Drs. 
Kumm, Boshell, Osomo and the writers, but only a 
single specimen with anomalous morphological 
structure has been discovered. The taxonomy of 
the various populations that have so far been 
discovered in Colombia has been reviewed by 
Kumm, Osomo and Bosbell (to be published), 
who assign the Villavicencio population to the 
species Haemagogus capricorniu The term “hae- 
magogus" in the present paper refers always to this 
particular population. 

The writers are indebted to their colleagues for 
the stimulus of a keen interest and for many 
helpful suggestions: particularly to Dr. C. R. 
Anderson for suggestions regarding virus behavior, 
and to Drs. H. W. Kumm, J. Boshell-Manrique 
and E. Osorao-Mesa for suggestions regarding 
mosquito techniques. Primary credit for realizing 
the possibilities of the method of maintaining 
baemagogus adults isolated in individual tubes 
should go to Dr. Boshell; this technique is the key 
to successful experimentation with these mos- 
quitoes. 

n. MATERIALS AND METHODS 

Mosquitoes 

In most of the experiments wild-caught mos- 
quitoes were used. This material was collected 
in the course of field studies of haemagogus dis- 
tribution and behavior and brought to the labora- 
tory for identification. These field routines have 
been described in previous papers (Bates, 1944c 
and 1945). There has been no indication of the 
presence of virus in these study areas since 1940. 
In 1942 large numbers of mosquitoes from the 
areas were inoculated in mice without in any case 
recovering virus, and no evidence has appeared in 
the present experiments that would indicate con- 
tamination with an outside virus. The mos- 
quitoes were brought to the laboratory in indi- 
vidual test tubes, identified, and stored in the 
separate tubes at 20° or 25°C. until wanted for 
experimental purposes; they were always used 
within 48 hours of capture, as it is impossible to 
maintain them longer without food. 

The mosquitoes, still separate in test tubes, 


were allowed to feed on the source animal one at a 
time, in the case of saimiri monkeys most fre- 
quently on the palms of the hands and feet, but 
sometimes on the shaved abdomen. We found 
attempts to feed groups of heraagogus mosquitoes 
in cages relatively unsatisfactory. The engorged 
mosquitoes were kept in the tubes until a particular 
infection series had been completed. At the end of 
the feeding the mosquitoes that had failed to 
engorge were destroyed, and a small number of 
engorged specimens (usually 3 to 5), taken at 
random, were inoculated intracerebrally in adult 
mice as a check on the ingestion of virus. The 
source animal was also bled immediately after the 
feeding, and decimal dilutions of serum were inocu- 
lated in adult mice as a check on virus circulation. 

The infected mosquitoes were maintained in 
individual flat-bottomed vials about 25 X 50 
mm. in size, a modification of the method first 
devised by Barber and Shannon for isolating 
Anopheles inaculipennis and described by Hackett 
and Missiroli (1935). We have experimented with 
many modifications of this technique and have 
found that haemagogus survival may be influenced 
by apparently trivial details. The method used 
in the experiments reported on here is shown in 
figure 1 . The vials have a layer of moist absorbent 
cotton in the bottom, covered by a disc of filter 
paper (to prevent the mosquitoes* getting en- 
tangled) ; they are plugged with cups of aluminum 
wire screening, which contain a bit of absorbent 
cotton which is moistened on alternate days with a 
weak sugar solution. The vials are kept in racks 
that hold 22 specimens, as shown in the figure; 
each vial is labelled with a bit of adhesive tape 
bearing the number of the experiment and the 
number of the individual mosquito. In this way, 
the history of a single mosquito can be followed 
with relative ease. At first we transferred the 
mosquitoes to clean vials fairly frequently , but 
this seems unnecessary if care is taken to maintain 
the moisture in the bottom layer of cotton. This 
is very important; mortality increases at once if 
the cotton is either too wet or too dry, and the 
proper balance is a question of nice judgement 
and constant watchfulness. 

All mosquito manipulations were carried out in 
a small screened comer of the infected mosquito 
room (which itself was well isolated from the rest 
of the laboratory). In this way, mosquitoes 
that escaped in manipulating the tubes could 
be quickly recaptured. Since records were kept 
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on individual mosquitoes, nnv losses were at once 
apparent. When a mosquito was to be used for 
transmission, the vial was unplugged and in- 
verted over the skin of the animal which was to 
serve as host, and the mosquito was allowed to 
feed. 

Temperature 

The term “constant temperature” as used in 
this paper is somewhat relative, because of the 
uncertainty of the local electric plant and the 
crudeness of some of our homemade apparatus. 
Thermographs were maintained with all lots of 
infected mosquitoes. so that ue at least have a 
record of the irregularities. The following 


were exceptional swings of the thermograph pen; the 
daily fluctuation was usually between 24° and 27°, and 
most of the time the mosquitoes would have been living 
at a temperature of 2 5° or 26°. 

Saimiri monkeys 

Wild-caught, local animals were employed in 
all experiments. The characteristics of these 
animals and methods of handling them have 
already been described (Bates, 1944a). Only 
animals whose sera were previously found negative 
in the yellow fever protection test were used. 
They were bled again immediately before use, and 
the sera were held in reserve for testing in case 
of unusual behavior. The animals remained iso- 



Fig. L Method of keeping individual infected mosquitoes isolated in shell vials 


temperature conditions were used in connection 
with the present study: 

20°C.: This was obtained in a cabinet with freezing 
and heating units balancing each other; temperature 
control was normally very exact except when current 
was not available (usually for a few hours about once a 
week), at which times the temperature might rise to 22° 
or 23°. 

30°C.: The temperature in this cabinet generally 
varied between 30° and 31°, rarely rising to 32° or 
(when the current failed) falling to 28°. 

Room temperature: Room temperatures, by north- 
ern standards, are very regular in our laboratory. 
During the time when the experiments reported here 
were made, the mean was 25.4°C., the absolute mini- 
mum 23.5° and the absolute maximum 2S°. These 


latcd in the infected animal room from the time 
they Avere used in an experiment until death or 
until they w*ere bled for a postinoculation protec- 
tion test, usually 30 days after exposure to virus. 
They w r ere tested daily from the 3rd to 7th day for 
circulating virus by inoculating serial decimal 
dilutions of scrum in adult white mice. Rectal 
temperatures were taken morning and evening 
for 10 days after exposure to mosquitoes. At 
death autopsy was performed. Liver tissue was 
always preserved for histological examination. 

Mouse techniques 

The testing of material for the presence of yellow 
fever virus by the intracerebral inoculation of 
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white mice has become a routine procedure since 
the publication of Thcilcr’s paper (1930). The 
methods of inoculating (0,03 cc. of suspensions) 
and handling mice and of reading mouse results 
used in the present work were essentially similar 
to those described by Bugher (1940) for protection 
test routines. Mice were invariably observed 
for 19 days after inoculation, and often for much 
longer periods. Mosquitoes for mouse inoculation 
were ground separately, without abrasive, in 0.5 
cc. of 10% normal human serum in distilled water. 
The suspension was inoculated without previous 
centrifugation. 

We made extensive use of baby mice in these 
studies because of their greater susceptibility to 
infection with the virus of yellow fever. Baby 
mice used for intracerebral inoculation were 
generally 5 days old; mice used for mosquito trans- 
mission experiments were always 3 days old. The 
methods of handling such mice have been described 
by Bugher (1941). Where parallel inoculations 
were made of the same material in baby and adult 
mice, the same syringe was used, the group of 
baby mice being inoculated first. Adult mice 
were generally 42 to 60 days old, but in a few 
instances when such mice were not available, 
younger animals were used. 

All protection tests of monkey sera reported 
in this paper were made in the Villavicencio 
Field Laboratory, using the intracerebral technique 
described by Bugher (1940). 

m. TRAN sms SION OF VIRUS AND MAINTENANCE 
OF CYCLES 

Transmission of virus by haemagogus that had 
been infected on saimiri monkeys was obtained 
several times in 1943 (Bates, 1944a); but positive 
results were irregular, and attempts to maintain 
cycles of transmission failed. These experiments 
were made with strains of virus that had been 
subject to considerable laboratory manipulation 
(the African Asibi, and the local Martinez and 
Novoa strains), and we felt that it would be better 
to use a strain of virus recently isolated. The 
strain which we used was obtained from a patient 
(Carlos Perez), who died of yellow fever contracted 
in the Restrepo area north of Villavicencio. Se- 
rum of this patient was inoculated intracerebrally 
in adult mice, and when some of these showed 
signs of paralysis, brain suspension was passed 
directly to a saimiri monkey. Sertim of this 


monkey was desiccated and used to infect a new 
monkey 3 months later when we were ready to 
start experiments. The virus was maintained by 
mosquito-monkev passages through 5 complete 
cycles, as shown in the accompanying diagram 
(fig. 2). This diagram includes only monkeys and 
mosquito lots that were proved to have virus. 

Virus transmission by haemagogus 

The histories of all saimiris that were fed on by 
infected haemagogus in the course of these experi- 
ments are summarized in Table I. The results 
of intracerebral inoculation of groups of baby and 
adult mice with tissue suspensions of mosquitoes 
killed immediately after feeding individually on 
baby mice, are summarized in Table II. In the 
case of saimiris, mosquitoes from various tempera- 
ture experiments are included in the table; in the 
case of baby mice, only mosquitoes that had been 
kept at a constant temperature of 30° are included. 

It will be noted that at room temperature we 
clearly failed to get transmission at 10, 14, 15 and 
20 days; we apparently failed to get transmission 
once at 24 days (saimiri 113); we got delayed infec- 
tion (saimiri 112) at 22 days, and acute infections 
at 24 and 32 days. It seems from this that the 
“extrinsic incubation period” under the circum- 
stances of these experiments (mosquitoes infected 
on saimiris circulating “large” amounts of this 
virus strain, and kept at a fluctuating tempera- 
ture of 24°-27°C.) is between 22 and 24 days. 

With experimental conditions similar, except 
that the mosquitoes were kept at 30°, we secured 
an atypical infection in a saimiri (no. 137) in one 
case at 10 days, and acute infections after more 
than 14 days. The earliest transmission to a baby 
mouse was at 13 days, and transmission was ob- 
tained regularly from mosquitoes that showed 
virus at 17 days or more. We judge from this 
that the extrinsic incubation period at this 
temperature is 13-15 days. 

Davis (1932) summarized experiments with the 
effect of temperature on extrinsic incubation 
period in Acdcs aegypti infected with Asibi virus. 
The incubation periods were in all cases much 
shorter than those reported here. He secured 
transmission at 6 and 8 days at 30°— 31°, at 1 1 days 
at room temperature (22°— 25°) and at 18 days at 
21°; transmission was not secured with mosquitoes 
kept at 17°-19° (periods up to 30 days), but virus 
was retained by these mosquitoes and transmission 
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was obtained by keeping them for 6 days longer 
at room temperature. Whitman and Antunes 
(1938) have shown that extrinsic incubation period 
is in part, at least, a function of the strain of 
virus: they found that the incubation period in 
Acdcs acgypti infected with jungle strains is about 


Characteristics of infection in saimiri monkeys 

General observations on the behavior of local 
virus strains in saimiri monkeys have been given 
in a previous paper (Bates, 1944a), Inspection 
of Table I shows that 10 of the 18 monkeys fed on 



RTs TEM5EAATURE“ (SEC TEXT) 

Fig. 2. Diagram of passages of Perez virus 

4 days longer than in those infected with the by mosquitoes became infected; of these 10, 8 
Asibi strain (room temperature, mean 24.5°C.). died between the 3rd and 6th day after being 
The single transmission reported by Antunes and / bitten. The 2 that failed to succumb (137 and 
Whitman (1937) with Hacmagogus capricornn 154) showed mild infections, atypical in several 
( janthinomys ) was obtained after 14 days, but respects. Saimiris are small and rather delicate 
temperature conditions were not specified. animals, and the treatment that they receive in 
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the" course of the experiments is rather severe, 
particularly the daily bleedings in which 2 cc. 
of blood is usually taken from the femoral vein. 
Yet these deaths must presumably be ascribed to 
yellow fever infection, since there have been no 


(nos. 88 and 96 of fig. 2) did not die, even though 
they showed high titers of circulating virus. It 
is notable that another strain' with which we are 
currently working, and which was inoculated into a 
saimiri monkey directly from a human patient 


TABLE I 


Histories of saimiri monkeys bitten by hacmagogus from lots known to have been infected 


saikim no. 

HISTORY OF MOSQUITOES 

HISTORY OP SAtHTRI 

Lot DO, 

No. bkingi 

Days inf. 

Temp. 

Circulation of virus (days after being 
bitten) 

Febrile re- 
action 

Postinocula- 
tion protec- 
tion test 

3 

n 


6 

7 

97 

118 

7 

10 

R 

— 

— 

H 

— 


No 

Neg. 

100 

118 

13 ! 

15 

R 

— 

— 

wSm 

— 

— 

No 

Neg. 

103 

118 

8 

24 

R 

+ 

+ 

+ 

t 


Yes 


108 

126 

16 

10 

R 

— 

— 

KM 

— 


Yes 

Neg. 

109 

126 

19 

14 

R 

| 

B 

n 

— 


No 

Neg. 

94 

126 

6 

20 

R 

— 

B 

B 

— 

— 

No 

Neg. 

112 

126 

4 

22 

R 

— 


wm 

-ft 


Yes 


113 

124 

3 

24 

R 

— 

B 

mm 

— 


No 

Neg. 

119 

126 

3 ! 

24 ! 

R 

-t 





Yes 


132 

127 

2 

32 ! 

R 

+ 

-f 

+t 

j 


No 


137 

136 

4 

10 

30° 

— 

+ 

— 

— 


No 

Neg.* 

135 

136 

10 

14 

30° 

— 

+ 

| + 

-ft 


No 


122 

136 

5 

18 

30° 

+ 

+ 

+t 



No 


128 

140 

5 

13 

30° 

— 

— 



— 

Yes 

Neg. i 

153 

i 140 

5 

21 

| 30° 

+ 

+ 

+t 

B 


Yes 


143 

142 

10 

25 

j 30° 

+ 

•ft 




Yes 


154 

153 

4 

19 

30° 

— 

B 

B 


+ 

No 

Neg.} 

166 

157 

2 

20 

30° 

- 

1 

a 

El 

B 

No 

Neg. 


“R” signifies “room temperature” (24°~27°, mean 25.4°C,); u f* indicates death of monkey. 

* The history of saimiri 137 is very curious. It showed traces of virus in the 1 :2 and 1 : 10 dilutions of serum 
inoculated in tracer ebrally into mice on the 4 th day; brain suspensions of these mice were passed to new mice, 
and a specificity test was positive for yellow fever; virus was not again recovered. The animal was bled twice 
for postinoculation protection tests, and each serum was tested twice in different runs; the results showed either 
no protection or slight protection. The monkey was reinoculated months after this first infection with 7,000 
m.l.d. (for mice) of a mouse-adapted subline of Perez virus (6 mouse-brain passages); it showed no febrile reaction 
and survived the reinoculation with no apparent ill effect; but virus was found in circulation on the 3rd and 4th 
days after inoculation . A normal saimiri inoculated in parallel with no. 137, with the same dose from the same 
syringe, showed an acute inf ection vrith fever, dying on the 5th day after inoculation. We should like to believe 
that a mistake was made somewhere in this history, but while this possibility cannot be eliminated, it seems re- 
mote. It looks as though the animal had received a subinfectious dose from the mosquitoes, and thus had ac- 
quired resistance, but not immunity, to subsequent infection. 

{ Saimiri 154 showed a trace of virus on the 7th day; it died of some unknown cause on the 14th day. Serum 
taken post mortem showed no protective power as measured by the intracerebral protection test. Both of these 
monkeys seem to be examples of atypical infections following bites by mosquitoes transmitting traces of virus. 


deaths in the uninfected animals receiving similar 
treatment. Signs of haemorrhage, particularly in 
the stomach, were frequently found at autopsy. 
There is some evidence that this virulence is an 
adaptive character of this strain of virus, since 
the first 2 monkeys in the passages from man 


with a non-fatal case of yellow fever, has given rise 
to fatal infections in saimiris from the beginning. 

“Febrile reaction*' in Table I means that the 
animal showed a sustained temperature of oyer 
39°, including interruption of the daily alternation 
of morning low and evening high temperatures. 
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It will be noted that this proved to be an unreliable 
guide to infection in the animals; in some cases 
the animal, instead of fever, showed a steady drop 

TABLE II 

Transmission experiments with Hacmagogus capricornii 
in which mosquitoes that had been kept at a constant 
temperature of 30°C . were killed immediately after 
feeding on baby mice and suspensions in 05 cc. 
scrum -water were inoculated iniracercbrally in parallel 
groups of baby and adult mice 


LOT AND 
MOSQUITO 
NO. 

DAYS AFTER 
INFECTIOUS 
MEAL 

MORTALITY RATIOS 

OF MOUSE CROUPS 
INOCULATED I,C. 

TRANSMIS- 
SION BY BITE 
TO 3-D AY- 
OLD MOUSE 

Babies 

Adults 

1534 

10 

5/5 

3/5 

— 

11 

10 

4/4 

6/6 

— 

14 

10 

5/5 

4/6 

— 

25 

10 

5/5 

2/6 

— 

34 

10 

3/5 

0/6 

— 

5 

13 

5/5 

0/6 | 

— 

12 

13 

0/5 

0/5 

- 

13 

13 

5/5 

4/6 

+ 

27 

13 

0/5 

0/6 

“ 

46 

i 13 

5/5 

2/6 

— 

49 

16 

1/4? 

0/3 

“ 

2S 

16 

0/4 

0/5 

— 

36 

16 

0/3 

0/6 

— 

143-21 

17 

0/2 

0/6 

— 

23 

17 

4/4 

2/6 

+ 

24 

17 

0/4 

0/6 

— 

27 

17 1 

1/2 

0/6 

— 

29 

17 

4/4 

1/6 

+ 

54 

17 

4/4 

1/6 

4- 

45 

17 

0/2 

0/6 

— 

60 

17 

0/4 

0/6 

— 

142-20 

IS* 

5/5 

2/5 


15 

18 

2/4 

1/6 

— 

10 

18 

5/5 

5/5 

+ 

25 

IS 

0/4 

0/5 

— 

143-9 

20 

4/4 

2/4 


20 

21 

4/4 

2/6 

+ 

33 

21 

4/4 

5/6 

-h 

22 

21 

4/4 

1/5 

— 

39 

21 

4/4 

4/6 

-f 

142-34 

31 

5/5 

6/6 

4- 

O 

31 

4/4 

3/6 

4* 


* These four mosquitoes were kept for IS days at 
30"*, then transferred to 20° for 12 days more; as vre 
have no evidence of virus multiplication at 20'\ they 
arc listed here as “1$ days after infectious meal.'* 

in temperature starting on the 2nd or 3rd day and 
continuing until death. Death was usually pro- 
ceeded by a period of comn that might hist for 12 
to 24 hours. 


Maintenance of cycles 

The method of serial transmission from mammal 
to mammal through mosquitoes is valuable in that 
it insures that the properties of the virus strain are 
not being changed by “unnatural” manipulation, 
and as a concrete demonstration of the possibilities 
of a particular mechanism in nature. But with 
animals like hacmagogus mosquitoes and saimiri 
monkeys it is not a very practical method of virus 
maintenance, in so far as it requires a considerable 
expenditure of effort and materials. The chief 
difficulty, perhaps, is in judging when to feed new 
mosquitoes on a possibly infected saimiri. We 
fed fresh lots of mosquitoes on all of the saimiris 
used in the experiments, and since many of these 
monkeys proved not to have been infected (Table 
I), this material was wasted. The most practical 
system seemed to be to feed the mosquitoes on the 
4th and 5th days after possible infection, though 
in this way wc sometimes missed feeding the 
mosquitoes on the day of maximum virus circula- 
tion. We reached the conclusion that for the 
study of special problems of virus behavior in 
mosquitoes it would be better to infect the mos- 
quitoes on monkeys inoculated with known 
amounts of virus, as the course of infection in the 
monkey- can then be predicted with a high degree of 
probability. For tests of mosquito transmission 
the method of using baby mice (Bugher, 1941) 
has great advantages in so far as large numbers 
of mosquitoes can thus readily be tested as individ- 
uals. 

IV. BEHAVIOR OF THE VIRUS IN WHITE KICK 

White mice have been inoculated at every’ stage 
in these experiments to detect the presence of 
virus, and while the problem of mouse suscepti- 
bility to the virus of yellow* fever is foreign to the 
main object of this article, some comment on the 
behavior of the Perea strain on mouse inoculation 
is necessary. The virus was passaged through 
mouse brain only* once in the history* of the strain 
(sec diagram, fig. 2), and this single pn/sarc <i 
not appear to have increased the neurotropism 
of the strain. The infection of adult mice by intra- 
cerebral inoculation has been irregular, and to a 
certain degree unreliable, throughout the experi- 
ments, The unreliability of the respond of adult 
mice to some juwdc (pant topic) strain* of vJru« h 
familiar to everyone who ha* worked with such 
strains though little has been pablhhnr! m 
subject. For (JOJD in a brief review rf tb- 
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behavior of jungle strains as compared with the 
similar behavior observed in some of the vaccine 
strains (17D sublines) states that “as the result 
of experience with more than 100 jungle strains that 
have been isolated up to the present time, 
workers in Brazil have long recognized that the 
susceptibility of mice to unmodified virus of jungle 
origin may not be uniform. Freshly obtained 
serum from yellow fever patients has often been 
observed, when inoculated into mice, to give 
rise to a mild disease from which the animals 
recover completely if given the opportunity.” 

The difficulty with the interpretation of mouse 
results led us to make many experimental checks 
that would otherwise have been unnecessary. 
Infection in our strain of mice became regular 
after 2 or 3 brain passages (particularly if in baby 
mice) and by this means specificity tests (by paral- 
lel titrations with known normal and immune 


with variable results. Mice which had survived 
inoculation with virus-containing materials cer- 
tainly in many cases were resistant on reinocula- 
tion, but the correspondence seemed irregular and 
incomplete. More regular results were obtained 
by making protection tests (intracerebral) with the 
sera of surviving mice ; by this means it was possible 
to demonstrate immunity in all cases where we 
had reason to suspect that the mice had survived 

virus inoculation. 

The relative resistance to infection by intra- 
cerebral inoculation was characteristic of adult’ 
mice (42 or more days old), and we found that 5- 
day-old mice were much more uniformly sus- 
ceptible. In later experiments (the 4th and 5th 
cycles) all attempts to recover virus from mos- 
quito material were made with parallel inoculations 
in adult and baby mice. The different response 
of the two age classes can be seen by an inspection 


TABLE III 


Distribution of " mortality ratios” of mouse groups inoculated with suspensions of individual mosquitoes 10 or more 
days after infectious meal; mosquitoes kept at a constant temperature of 30°C . 

^ A. Groups of 5~day-old mice 


Mouse mortality 

1 0/4 0/5 

| 1/4 1/5 | 

[ 2/4 2/5 3/5 

| 3/4 4/5 j 

[ 4/4 5/5 

No. instances, 

| 10 | 

1 j 

2 

0 j 

| 27 


B. Groups of adult mice 


Mouse mortality 

0/5 0/6 

1/5 1/6 

2/5 2/6 j 3/6 

3/5 4/6 

4/5 5/6 

5/5 6/6 

No. instances 

17 

5 

5 j 4 

5 

2 

6 


sera) were made with the infectious agent from 
every saimiri classified as “infected” and with 
material from a large proportion of the mosquitoes, 
in every case with positive results. The incuba- 
tion period of the vims in adult mice varied from 
9 to 14 days or more, depending largely on the 
amount of vims inoculated; irregular mortality 
was in part, at least, a quantitative phenomenon, 
being most pronounced with small amounts of 
vims, as in mosquito suspensions. As a result 
of this, titration by the intracerebral inoculation of 
adult mice has been of doubtful significance with 
this strain, and in consequence no specific vims 
titers are* given in this paper for either monkeys 
or mosquitoes. The unreliability of such titra- 
tions in some strains is well shown by the results 
tabulated by Fox (1943, p. 518) for estimates based 
on “deaths only” (the usual procedure) and on 
“deaths plus non-fatal infections.” 

We tested many surviving mice with challenge 
doses of “French neurotropic vims” (Fox, 1943), 


of the results included in Tables H and III and 
discussed later in this paper. 

V. BEHAVIOR OP THE VIRUS IN ' HAEMAGOGUS 
CAPRICORN!! 

The evidence indicates, in the case of animal 
viruses that have been carefully studied, that 
transmission by a vector mosquito represents an 
infection of the mosquito by the virus. There is 
no evidence of pathological lesions in the mos- 
quito host, or of deleterious effect from such an 
infection; but the prime criterion of virus infection 
is multiplication. Evidence for such multiplica- 
tion in mosquito tissue has been given by Merrill 
and Tenbroeck (1935) and Trager (1938) for equine 
encephalomyelitis and by Whitman (1937) for 
yellow fever. It might be noted that the evidence 
for tme infection in the case of insect vectors of 
plant viruses is not so clear (reviews by Storey, 
1939, and Leach, 1940); the insects, in some cases 
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at leasts may be merety agents of transference for 
the virus from host to host. In the case of vector 
mosquitoes and the virus of yellow fever, however, 
it would seem that we may legitimately speak of 
the factors which govern the infection of the mos- 
quito; and the whole virus mosquito relationship 
seems dearer if it is thought of in such terms. The 
principal factors governing such infection appear 
to belong to four groups: the characteristics of the 
virus, the characteristics of the mosquito, the 
virus dosage ingested and the environment of the 
mosquito. 

In the series^ of experiments under review, we 
attempted to keep the first two factors constant 
(virus strain and mosquito speties). We must, 
of course, keep in mind the possibility of change in 
virus characteristics through “adaptation” in the 
course of the, experiments, and the possibility of 
genetic variation in the mosquitoes, though there 
is no evidence that either of these factors has in- 
fluenced the experimental results to an extent that 
would vitiate comparisons between experiments 
within the series. The present analysis, then, is an 
attempt to describe the behavior of a particular 
local strain of virus in the local haemagogus popula- 
tion, under circumstances in which there are two 
Variable factors — the amount of virus ingested 
and the environment of the mosquito. 

Per callage of mosquitoes infected 

The impression that we have had from all experi- 
ments with haemagogus (those of previous years 
as well as those of the present series) is that under 
a given set of circumstances only a certain per- 
centage of the mosquitoes becomes infected. 
This may well be generally true of mosquitoes in- 
fected with yellow fever virus, but in published 
experiments it is generally masked by the usual 
method of grinding and injecting pools of mos- 
quitoes. The point that not all mosquitoes be- 
come infected under a given set of circumstances is 
sufficient^ important to warrant giving two exam- 
ples of what is meant before proceeding with the 
discussion. 

Fifteen mosquitoes of the 1st transmission cycle 
(lot 118) were still alive on the 24th day after 
infection; these were killed and inoculated 
separately in adult mice; virus was recovered from 
5 of the 15 (33%). The mouse mortalities were, 
respectively, 3/6, 3/6, 3/6, 4/6 and 5/6 for mos- 
quito suspensions in 0.5 cc. of scrum -water. The 
gap between 0/6 and 3/6 mortalities with lot 3 IS 
is rather unusual in inoculations of adult mice, 


butdt is probably significant and due to the fact 
that these mosquitoes were inoculated a long time 
(24 days) after ingesting a large virus dose. 

A better indication of virus recovery may be 
obtained from an analysis of the results from the 
inoculation of baby mice. If it is true that the 
mosquitoes fall into two discrete groups, those that 
become infected with virus and those that fail to 
become infected, the distribution of the mortality 
of mice inoculated with mosquito material (after 
a suitable extrinsic incubation period) should be 
bimodal, with peaks at 0% (0/6 mortality) and 
100% (6/6 mortality). To test this, we selected a 
homogeneous group of inoculations: all mos- 
quitoes killed 10 days or more after infection that 
had been kept at a constant temperature of 30°C. 
Suspensions of such mosquitoes were routinely 
inoculated into groups of 6 adult mice and parallel 
families of 4 or 5 baby mice. Results were rejected 
where more than 1 mouse died from trauma or 
intercurrent infection. This restriction gave us a 
group of 40 mosquito inoculations in baby mice, 
and of 46 inoculations in adult mice. The distribu- 
tion of these results is shown in Table in. The 
results of the adult inoculations show a random 
distribution, but the baby mouse results fall into 
two classes, no mortality or 100% mortality, with 
only 3 intermediate results in 40 instances. The 
results of some of the individual parallel inocula- 
tions used in preparing Table III are included in 
Table II above. 

The percentage of mosquitoes infected (i.e., 
showing virus on mouse inoculation) varied from 
experiment to experiment; under the conditions 
of this study (virus strain and mosquito population 
uniform) this variation might be influenced by 
three factors: time (extrinsic incubation period), 
temperature, and virus dosage ingested. 

Effect of time 

In the 2nd c\ r cle of transmissions there were 5 
lots of mosquitoes with more or less similar histories 
(lots 123-127 of fig. 2); we did not wish to endanger 
the maintenance of the virus strain by killing 
significant numbers of these mosquitoes, so wc 
inoculated all mosquitoes that were found dead 
in the tubes from the 10th day after infection on. 
The mosquitoes were examined twice daily (S 
A.M. and 4 P.M.) and the dead mosquitoes were 
removed, ground in 0.5 cc. sc rum -water each, 
and inoculated in adult mice. This method has 
two serious drawbacks: first, the length of time 
the mosquito has been dead is unknown and virus 
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may not have survived in the tissues; second, the 
response of adult mice to small dosages of this 
pantropic virus strain is irregular. Nevertheless 
indications obtained from this experiment have 
been substantiated by subsequent work, and as a 
matter of fact, results from the inoculation of dead 
mosquitoes were found to 'be surprisingly similar 
to results with mosquitoes freshly killed. 

If the separate cases of virus recovery in this 
series of inoculations are charted according to 
days after infection, the positives seem to be com- 
pletely scattered. This has been summarized 
in Table IV. The 50% recovery in the 25-30 
day period represents a very small sample (6 of 
12 mosquitoes) and should be judged in the light 
of the 12% recovery from the previous period 
(20 to 24 days). Certainly there is no pronounced 

TABLE IV 


Recovery of virus from inoculation of suspensions of dead 
mosquitoes into adult mice ( lots 123-127 , kept at 
room temperature) 


1 1 

PAYS AFTER INFECTION 

NO. OF 
MOSQUITOES 
INOCULATED 

NO. SHOW- 
ING VIEUS 

PER CENT 
POSITIVE 

10-14 

33 

7 

21 

15-19 

31 

9 

29 

20-24 

26 

3 

12 

25-30 

12 

6 

50 

Totals 

102 

26 

25 


trend of recovery of virus from increasing numbers 
of mosquitoes with the passage of time. 

This same scatter effect has been observed in all 

) 

subsequent experiments. Studies have not been 
made during the first 10 days after infection, but 
considerable variation would no doubt be found in 
this period as the ingested virus either died or be- 
came established in the mosquito tissues. This 
has been demonstrated by Whitman (1937), who 
failed to recover any virus from Aedes aegypti 
infected with the Asibi strain 3 and 4 days after 
infection. The point that recovery of virus, after 
the 10 day lapse, is not a function of time becomes 
important in evaluating the effect of temperature, 
discussed below. It may be well to cite one more 
example from lot 153 (fifth cycle, kept at 30°), in 
which groups of mosquitoes were killed and inocu- 
lated in both adult and baby mice at 3-day inter- 
vals. At 10 days 5 of 5 mosquitoes showed virus; 
at 13 days, 3 of 5; at 16 days 1 of 3 (individual 


results at these periods are listed in Table II); 
at 19 days, 3 of 7. In this case, the highest per- 
centage of recovery was from the mosquitoes first 
inoculated ! 

Effect of temperature 

In the third transmission cycle, the mosquitoes 
that fed on saimiri 118 were divided, at random, 
into two equal lots of 33 mosquitoes each; one of 
these lots (no. 135) was kept at room temperature 
(24°-27°C., discussion under “methods” above); 
the other (no. 136) at a constant temperature of 
30°. Dead mosquitoes were inoculated in adult 
mice from the 10th day on, as before. From lot 
135, kept at room temperature, 2 of 19 mosquitoes 
showed virus; from lot 136, kept at 30°, 13 of 19 
mosquitoes showed virus. This means that 10% 
of the mosquitoes kept at 24°-27° were infected 
and 68% of the same mosquitoes kept at 30°. 
The techniques were, as far as we could tell, 
identical for the two 'groups of mosquitoes, except 
for environmental temperature. That tempera- 
ture has a prime effect on the length of the extrinsic 
incubation period is rvell known (Davis, 1932), 
but that it should affect the percentage of mos- 
quitoes infected was a complete surprise to us. 

To check this, we designed an experiment in 
which rather extreme conditions would be tested. 
The mosquitoes that fed on saimiri no. 153 (5th 
cycle) were divided at random into 3 lots: the 
main group (lot 153) of 68 mosquitoes was kept at 
30°; 22 mosquitoes (lot 154) were kept at a con- 
stant temperature of 20°; 22 others (lot 155) 
were kept for 16 hours every day at 20°, but were 
transferred for 8 hours (8 A.M. to 4 P.M.) to a 
constant temperature of 30°. Twenty of the 
mosquitoes kept at 30° were killed and inoculated 
in parallel in groups of adult and baby mice at 
intervals from 10 to 19 days after infection; virus 
was recovered from 12 (60%). Ten of the mos- 
quitoes kept at 20° were tested in the same way 21 
and 22 days after infection; no virus was recovered 
in any case. Thirteen of the mosquitoes kept at 
the contrasting temperatures 20°-30° were inocu- 
lated from 19 to 22 days after infection, and 
virus was recovered from 4 (31%). That mere 
survival of virus in the mosquito is not adversely 
affected by a temperature of 20° is shown by an- 
other lot (142) which was kept at 30° for 18 days 
and then transferred to 20° for 12 days more. 
Seven of these mosquitoes were inoculated in mice, 
and 6 showed virus. Since this temperature rela- 
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tion is o! direct importance in virus epidemiology, 
more detailed and exact studies are now being 
undertaken at various constant and alternating 
temperatures. 

Effect of virus dosage 

It seems likely that the variation in percentage 
of mosquitoes showing virus among lots from 
different transmission cycles kept under the same 
temperature conditions was due to variation in the 
amounts of virus ingested. It is difficult to 
demonstrate this correlation because all titrations 
of saimiri sera and inoculations of “control” 
mosquitoes were made in adult mice with conse- 
quent irregular results. We have, however, been 
particularly interested in the possibility of infect- 
ing haemagogus on animals circulating small 
amounts of virus, and several attempts to obtain 
such infections have been made, in no case with 
success. 

The mosquitoes of lot 1 1 7 fed on saimiri 96 
(see fig. 2) on the 2nd day after inoculation; the 
serum of this monkey killed 2 of 6 mice in the 1:10 
dilution, 2 of 6 in the 1:100 dilution, and none in 
greater dilutions. The mosquitoes were kept at 
room temperature. After 22 days, 12 fed on 
saimiri 99, which remained normal; at 23 days 7 
fed on baby mice, and at 27 days 4 fed on other 
mice, without transmitting virus. At intervals 
from 22 to 27 days after the original feeding, 24 
mosquitoes were killed and inoculated in adult 
mice without in any case recovering virus. These 
mice were tested with a challenge dose of 30 
m.l.d. of neurotropic virus, and all succumbed. 
There was thus no evidence that any of these 
mosquitoes retained any virus. This experiment 
was controlled by lot 118, which fed on the same 
monkey on the 4th day, when the serum killed 
mice in dilutions up to 1:10 s ; these mosquitoes 
transmitted to saimiri 103 on the 24th day, and 5 
of 15 inoculated in mice showed virus. As we 
have, in other cases, recovered virus from mos- 
quitoes kept for 10 days at room temperature, the 
period of 27 days used with lot 117 would seem 
adequate to allow’ for a possible slow' development 
of the virus. 

A second case is lot 156 which fed on saimiri 
153 on the 5th day, when the serum killed mice 
only in the dilution 1:2; 3 control mosquitoes, 
inoculated immediately after feeding, gave mouse 
mortalities of 3/6, 1/5 and 0/6. The mosquitoes 
were kept for 23 days at 30°, when 6 survivors were 


killed and inoculated in parallel in groups of adult 
and baby mice; no virus was recovered. Control 
for this W'ould be lot 153, which fed on the same 
monkey on the day previously, when the control 
mosquitoes gave mortalities of 3/6, 4/5, 5/6 and 
5/6; virus was recovered from 60% (12 of 20) 
of the mosquitoes inoculated after 10 days at 
30°. 

We have several times attempted to infect 
haemagogus on mammals other than saimiri In 
the course of these experiments, always without 
success, presumably because of the small amount 
of virus in circulation in the host mammal at the 
time of feeding. This tends to substantiate the 
observation published previously (Bates, 1944b) 
that haemagogus can only be infected on mammals 
circulating considerable amounts of virus. The 
evaluation of such negative evidence is difficult, 
however, and we are continuing experiments. 

VI. EPIDEiCTOIOGICAL IMPLICATIONS 

The field studies of yellow fever that have been 
carried out in eastern Colombia by Bugher and his 
co-workers (1944) give a background against 
which experimental results obtained in the labora- 
tory can be judged. The field evidence implicates 
Haemagogus capricornii as the primary vector of 
the disease, though it at the same time suggests 
that other mosquitoes (e.g,, Aedes leucocdaenus) 
may at times be important. There is no parallel 
evidence as to whether a particular mammal 
species may be dominant in the natural cycles, 
and most indications are that many species of 
mammals may play parts in maintaining the 
virus and that the dominant mammal host, if 
any, may vary from region to region. There is 
certainly no evidence that saimiri monkeys are a 
generally dominant host, and in fact the distribu- 
tion of yellow’ fever does not correspond with the 
distribution of this particular primate, since the 
disease seems to be endemic in parts of Colombia 
(especially the Magdalena Valley) where the genus 
Saimiri is unknown. However, it seems sufficient- 
ly well established that saimiri monkeys are in- 
fected in nature (on the basis of protection test 
results with wdld animals), and the saimiri- 
haemagogus cycle of virus is thus in all probability 
a natural cycle, even though it may not be a 
dominant cycle. 

Protection test results are available on 82 saimiri 
monkeys that w r ere captured in the Villavicencio 
and Restrepo areas in 1944; most of these wrere 
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3 r oung animals, not more than a year old. Sera 
of 10 (12%) gave dearly positive protection test 
results that can be interpreted as specific evidence 
of prior infection with yellow fever. Most of 
these animals came from the region of Restrepo 
(map in Bugher cl ah , 1944, p. 18) where there were 
several known human cases of yellow fever in the 
course of the year. Other monkeys from the 
area showed about the same rate of positive pro* 
tection tests as saimiris (1 of 14 Callicebus, and 
1 of 8 Ccbus). Saimiris have not, however, been 
investigated in direct connection with any known 
human infection. The only such data available 
are those given by Bugher d al, (1944, p. 45) in 
which saimiris showed a lower percentage of posi- 
tives than the other primates examined. 

The laboratory evidence indicates that yellow 
fever infection is highly fatal to saimiris, especially 
with strains that have been passaged through these 
animals either by direct inoculation or via mos- 
quitoes. If saimiris were a dominant host in na- 
ture, and if this same mortality rate applied, one 
would expect yellow fever to be a prime cause of 
death and to result in a great reduction of the 
monkey population. Yet all of us have the im- 
pression that saimiris are the commonest of the 
local primates. Perhaps the high mortality rate 
does apply in nature, and perhaps that is the ex- 
planation of the relatively low rate of positive pro- 
tection tests found, most animals not having 
survived infection. This is the sort of question 
that could only be answered by quantitative study 
of the behavior of monkey populations in nature — 
not a simple task. It is interesting that Laemmert 
(1944) reports a high mortality rate in Brazilian 
marmosets inoculated with local strains of yellow 
fever virus; the laboratory data on susceptibility 
of marmosets and saimiri monkeys are remarkably 
similar, and it would seem very likely that their 
roles in virus epidemiology in their respective areas 
of abundance would be equally similar. None of 
the marmosets is known from the Villavicencio 
area. 

In general, the laboratory and field data in the 
saimiri-haemagogus cycle complement each other 
nicely. Saimiri monkeys circulate a high titer of 
virus (and this is the only local mammal from 
which we have been able consistently to recover a 
high titer of virus) and circulating virus of a high 
titer is apparently necessary for the infection of 
Haemagogus capricornii . The two animals show 
similar ecological characters: the one is the com- 
monest local primate, the other the commonest 


local aedine mosquito; both are predominantly 
arboreal; both are predominantly diurnal; both are 
common in a wide variety of local forest types 
(and yellow fever cases show an equally general 
distribution as regards forest type). 

The epidemiological implications of the study of 
experimental infections in the mosquito are in 
themselves veiy interesting. For infection, 
haemagogus seems to require a relatively liigh en- 
vironmental temperature. The species is pre- 
dominantly arboreal, and day temperatures are 
appreciably higher in the forest canopy than in the 
lower forest strata (some data in Bates, 1944c). 
Shade temperatures of 30°C are, however, very rare 
in our forests, and the laboratory evidence would 
seem to indicate that haemagogus, to be an efficient 
vector, would require higher temperatures than are 
likely to be found in its habitat. But the mosquito 
is often remarkably common in sunny situations 
in the forest, and its habits might well lead resting 
or active females to spend part of the extrinsic in- 
cubation period in sunny canopy situations where 
the body temperature of the mosquito might well 
be high enough to be favorable for virus multi- 
plication. The indirect laboratory evidence indi- 
cates that haemagogus is remarkably resistant to 
high temperatures if other conditions are favorable. 
In individual vials at 30°C, haemagogus has a 
greater longevity than any of the other local mos- 
quitoes that have been tried, even though these 
other species, with more conventional laboratory 
treatment, show a much greater longevity than 
haemagogus (e.g., in cages at 25°). 

This illustrates the well-known difficulty of 
generalizing from laboratory to natural conditions. 
We know remarkably little about the longevity of 
any mosquito species in nature, because of the 
technical difficulty of obtaining such data. We 
assume that a vector of quartan malaria must be 
long lived, because the extrinsic incubation period 
of the plasmodium in the laboratory is long; we 
could, by the same reasoning, deduce that 
Haemagogus capricornii must be very long lived 
in nature; and the deduction is to some extent sup- 
ported by the long period that adults may be 
maintained in the laboratory under special condi- 
tions. We have the definite impression that 
haemagogus is physiologically adapted to life at 
relatively high temperatures and low humidities; 
these are precisely the conditions of existence in 
the canopy zone of the tropical forest; and the 
temperature factor, at least, seems also to be a 
governing factor in varus infection. 
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VII. SUMMARY 

1. A local strain of }'cllow fever virus was carried 
through 5 cycles in the laboratory using saimiri 
monkeys as hosts and the mosquito Haemagogus 
capriconiii as vector. 

2. This is a laboratory reproduction of what 
may be a local transmission mechanism of jungle 
yellow fever, as both saimiri monkeys and 
haemagogus mosquitoes have been implicated in 
the epidemiology of the disease by field studies. 

3. The extrinsic incubation period in Hacma- 
gogus capriconiii under the conditions of these ex- 
periments was 20 to 24 days at room temperature 
(24°-27°, mean 25.4°C.); and 13 to 15 days at a 
constant temperature of 30°C. 

4. A wirus strain was used that had been subject 
to a minimum of laboratory manipulation. Adult 
white mice of the standard strain used in yellow 
fever studies were found to show an irregular sus- 
ceptibility to intracerebral inoculation of small 
amounts of this virus, but 3- and 5-day-old mice 
were highly susceptible. The strain was highly 
virulent for saimiri monkeys: 8 of the 10 animals 
infected by mosquito bite died in the course of 
acute infections. 

5. Only a certain percentage of specimens of 
Haemogogus capriconiii became infected after feed- 
ing on monkeys with virus in circulation. The 
percentage infected in a particular experiment ap- 
peared to depend on (a) the amount of virus origi- 
nally ingested by the mosquitoes and (b) the 
environmental temperature at which the mosqui- 
toes were kept. The possible effect of virus strain 
and of the genetic constitution of the mosquitoes 
was not studied. 

6. The correlation between factors governing 
haemagogus infection in the laboratory and the 
habits of the mosquito judged by field studies, is 
discussed. The mosquito seems to require a high 
environmental temperature to become infected, 
and its habit of flying in the canopy zone of the 
forest means that it is subject to relatively high 
temperatures in nature. The correspondence in 
habits between this species of mosquito and saimiri 
monkeys in the Villavicencio area is close. 
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The mass immunization of humans in areas of 
Africa and South America where yellow fever 
occurs in endemic or epidemic form and of large 
numbers of persons in the armed forces has brought 
to the fore the question of the duration of immunity 
following inoculation with yellow fever vaccine. 
Moreover the recent extensions of preventive meas- 
ures and emphasis on their enforcement have made 
it highly important to know how soon after inocu- 
lation persons may be assumed to be immune. 
Studies designed to throw light on these subjects 
are reported here. 

Our investigations arc concerned with the re- 
sults of immunization with the attenuated yellow 
fever virus 17D, now widely adopted as standard. 
This agent was derived from pantropic yellow fever 
virus by Lloyd, Theiler and Ricci (1) after in vitro 
cultivation first in mouse embryonic tissue,' then in 
chick embryo and finally in chick embryonic tissue 
from which the nervous elements had been re- 
moved. Theiler and Smith (2) made further in 
vitro passages which resulted in marked attenuation 
of the virus and, after extensive experimental work, 
used it in human immunization for the first time 
(3) . In monkeys they were unable to demonstrate 
circulating antibody 7 days after the immunizing 
injection, but the tests were positive 14 days after- 
ward. However, after virulent inoculation there 
was no circulation of virus in monkeys vaccinated 
as many as 7 days before, and all monkeys survived 
the test inoculation. Thus, although the protec- 
tion tests were not shown- to be positive before the 
14th day, the animals exhibited some evidence of 
active immunity as early as 5 days after vaccina- 
tion. Unfortunately the control unvaccinated 
animals in their experiment survived the virulent 
inoculation, so that the demonstration of immu- 

1 Staff Members of the International Health Divi- 
sion, Rockefeller Foundation. 

2 This Institute is supported jointly by the Medical 
Department of the Uganda Protectorate and the Inter- 
national Health Division of The Rockefeller Founda- 
tion. 


nity in vaccinated animals depended on the tests 
for circulating virus and on the serum protection 
tests. 

Theiler and Smith (3) also made weekly tests for* 
specific antibody in the scrum of 8 persons inocu- 
lated with the 17D virus and were able to demon- 
strate antibody in each of them 2 weeks following 
their injections. Immunity was not demonstrated 
1 week after vaccination. 

Smith, Penna and Paoliello (4) reported the 
first comprehensive field application of the 17D 
virus. They also failed to demonstrate humoral 
antibody 1 week after injection and found only 14 
of 23 sera protective after 2 weeks. However, in 
each person tested, antibody was demonstrated 21 
days after vaccination. They found that about 
95 per cent of vaccinated persons acquire immu- 
nity and that the majority retain this immunity 
for at least 1 year. 

Soper and Smith (5) reported that vaccinated 
humans in yellow fever infected districts escaped 
infection, whereas non-inoculated members of the 
same labor gangs contracted the disease. They 
state that “field experience suggests that the pro- 
tective effect of vaccination begins not later than a 
week after inoculation.” 

In experimental studies of the 17D virus Fox and 
Penna (6) were able to demonstrate protective 
antibody as early as 8 days after large doses of 
vaccine, but found that the antibody developed 
later when smaller doses were given. They ob- 
served that the fully protective reaction of the 
serum was preceded by an alteration of the pro- 
tection ratio from the negative to the inconclusive 
or partially protective range. 

With regard to the duration of the immunity 
induced by antiamaryl vaccination, the most recent 
comprehensive study is that of Fox and Cabral (7). 
These authors observed a high incidence of 
humoral immunity in man as long as 3 or 4 years 
after vaccination, although there was evidence of a 
slow decline both in percentage of immunes and 
in the potency of individual sera. They also ex- 
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pressed the opinion that the immune response in 
children is less satisfactory than in adults. 

There are significant differences between the 
program of immunization in South America and 
that in Africa, as well as differences in objectives of 
the postvaccination studies among humans. In 
Brazil the vaccine has, for the most part, been pre- 
pared locally in the laboratory in Rio de Janeiro. 
Several different substrains of virus have been 
employed. Administration of the vaccine has been 
centered in the personnel of the Yellow Fever Serv- 
ice and has been carried out under the direct 
supervision of physicians expecially trained for this 
work. The postvaccination studies have been 
concerned in no small part with determining the 
relative efficacy of various substrains of virus and 
with the results obtained by different field units 
working in different localities under varying condi- 
tions. 

By contrast, all of the vaccine used in Africa has 
been prepared and tested for potency in the Lab- 
oratories of the International Health Division of 
The Rockefeller Foundation, in New York, and 
sent to the laboratory at Entebbe under refrigera- 
tion. This has involved an ocean journey of about 
11,000 miles, during which the vaccine was kept in 
ships’ refrigerators, followed by a 2-day rail journey 
during which it was packed in ice. Within Africa 
the vaccine has been stored and usually shipped 
under refrigeration but has been released for distri- 
bution only after tests in Entebbe have proved its 
potency. All the vaccine used here has been pre- 
pared under a seed-lot system, and differences in 
substrains are not therefore involved. Field 
administration of the vaccine has been wholly in 
the hands of local government medical officers or 
army officers, only a few of whom have had any 
special training for this particular work, but all of 
whom were adequately informed regarding the 
precautions to be exercised. Postvaccination 
studies have been primarily concerned with two 
factors: 1) a determination of the percentage of 
persons who became immune following inoculation, 
and 2) a study of the duration of the immunity in- 
duced by vaccination. In these studies all of the 
yellow fevfcr protection tests were done by sensitive 
methods (8) which employ 1 per cent virus either in 
adult mice previously prepared by intracerebral 
injection of starch solution, or in normal 14-day- 
old mice which have not had starch injection. 


EXPERIMENTAL STUDIES 

In monkeys . The following experiment was car- 
ried out to determine how soon after vaccination 
protective antibody could be detected in the serum 
and to ascertain by challenge inoculation the time 
of appearance of active immunity. 

Fourteen unused rhesus monkeys were bled, 3 and 
yellow fever protection tests w’ere done on their 
sera. Each was found to be non-immune (table 2), 
Two were reserved for controls and the other 12 
were vaccinated subcutaneously, 1 or 2 per day on 
9 different days over a 2-week period, as shown in 
table 1. The dose of vaccine for each was the 
standard dose for man, 0.5 ml. of 1 in 10 dilution of 
rehydrated virus. Each day’s inoculum of vac- 
cine was titrated by the intracerebral inoculation 
of 6 decimal dilutions of vaccine into groups of 12 
mice. Titres were determined by the method of 
Reed and Muench (9). Thus the exact amount of 
the 17D immunizing virus given to each monkey 
was determined (table 2). 

Fourteen days after vaccination of the first 
monkey and 1 day after vaccination of the last, 
each was bled again for protection test and, to- 
gether with the 2 non-vaccinated controls, inocu- 
lated subcutaneously with 1.0 ml. of 1 in 10 
dilution of rehydrated pantropic yellow fever virus 
(Asibi strain from rhesus 24-2). This inoculum 
was titrated by injecting serial decimal dilutions 
into groups of 12 mice. The titre of virus was such 
that each monkey received 121,500 mouse intra- 
cerebral MLD of the Asibi virus. Daily thereafter 
during 10 days, or until death occurred, each of the 
vaccinated and control monkeys was bled from a 
vein and its serum was tested for circulating virus 
(table 1). At the end of the 10 day period each 
surviving monkey was again bled for protection 
test. 

Results of this experiment are shown in tables 1 
and 2. It will be seen (table 2) that all monkeys 
vaccinated 7 or more days had circulating anti- 
body, while 1 of the 2 vaccinated only 6 days did 
likewise. The remaining monkey vaccinated 6 
days and all those vaccinated less than 6 days failed 
to exhibit circulating antibody. 

One of the unvaccinated monkeys had circulating 
virus (table 1) daily for 6 days and died on the 6th 
day; the other had no circulating virus on the first 
day after the virulent inoculation but did daily 

3 For this and other experimental procedures the 
animals were anesthetized with ether. 


TABLE 1 

The response of monkeys to test inoculation of 121,500 mouse M ID of Asibi virus at various intervals after vaccination 

with 17D virus 


WOWMtTY RATIOS IK TF.SXS FOR CIRCULATING VIRUS* 


RHESUS 

250- 

INTERVAL BETWEEN 
VACCINATION AND 
TEST INOCULATION 

Days after inoculation with Asibi vims 

FEVER 

DIED OS 
SURVIVED 

1 

2 

3 

A 

5 

6 

7 

s 

9 

10 


days 











days 


1 

14 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 


s 

2 

10 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/5 

0/6 

0/6 


S 

3 

9 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 


S 

4 

8 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 


s 

5 

7 

0/6 

0/7 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 


s 

6 

7 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

3§ 

s 

7 

6 

0/6 

0/7 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 


s 

8 

i 

6 

0/6 

0/7 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 


s 

9 1 

5 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 


s 

10 1 

5 

0/6 

0/6 

l /6 t 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 


S - 

11 

3 

0/6 

4/6 

6/6 

6/6 

6/6 

0/6 

0/6 

0/6 

0/6 

0/6 

4,5,6 

s 

12 

1 

6/6 

7/7 

6/6 

6/6 

6/6} 






3,4 

D 

13 

Not vaccinated 

0/6 

6/6 

6/6 

6/6 

6/6} 






| 3,4 

D 

14 

Not vaccinated 

2/6 

7/7 

6/6 

6/6 | 

6/6 

6/6 f | 

1 




3,4,5 1 

D 


* Numerator indicates number of mice which died, denominator the number inoculated, 
t Death of this mouse was proved to be due to yellow fever virus. 

X Animal died on this day. 

§ 104 .G°F. in p.m. only. Normal temperature of tills monkey: 103.0-103.6°. 


TABLE 2 

Yellow fever protection tests on sera of monkeys before and 
at various intervals after vaccination with 17 D tirus f 
showing the time of appearance of demonstrable anti- 
body 


RHESUS 

KLD 

vaccine 

INTERVAL BE- 
TWEEN VACCINA- 

SERUM PROTECTION 
| RATIO* 

NO. 

IN- 

JECTED 

TION AND TEST 
INOCULATION 

Before 

vacci- 

nation 

After 

vacci- 

nation! 

1 

10 days 
after 
Asibi 

1 

5293 

days 

14 

0/6 

6/6 

6/6 

2 

8016 

10 

0/6 

6/6 

6/6 

3 

3841 

9 

1/6 

6/6 

6/6 

4 

7869 

8 

0/6 

5/6 

6/6 

5 

10521 

7 

1/6 

5/6 

6/6 

6 

10521 

7 

0/6 

5/6 

6/6 

7 

6513 

6 

1/6 

5/6 

6/6 

8 

6513 

6 

0/6 

1/6 

6/6 

9 

7869 

5 

0/6 

0/6 

6/6 

10 

7869 ! 

5 

0/6 

0/6 

6/6 

11 

13861 

3 

0/6 

1/6 

6/6 

12 

13 

14 

25885 

0 

0 

1 ! 
Not vaccinated 
Not vaccinated 

0/6 

0/6 

0/6 

0/6 



* Numerator indicates number of mice which sur- 
vived, denominator the number inoculated. 

t Immediately before Asibi inoculation at stated 
interval after vaccination. 


thereafter for 4 days, and succumbed on the 5th 
day. The monkey vaccinated 1 day prior to test 
inoculation had circulating virus daily for 5 days 
and died on the 5th day. Gross and’ microscopic 
lesions in these 3 animals were typical of yellow 
fever. The monkey vaccinated 3 days prior to 
inoculation had circulating virus on the 2nd to 5th 
days and became severely ill, but recovered. One 
of the monkeys vaccinated 5 days had the minutest 
trace of circulating virus 4 on the third day after 
inoculation of Asibi virus, but none on other days, 
and survived the infection without even having 
fever (table 1). The other monkey vaccinated 5 
days, and all vaccinated more than 5 days, failed to 
show any circulating virus or other ill effects follow- 
ing inoculation with the test virus. 

Each of the 11 surviving monkeys had protective 
antibody in its serum 10 days after the challenge 
injection (table 2), 

Thus, immunity as indicated by protective 
action of the serum, w r as demonstrable 6 or 7 days 
after vaccination; but monkeys were fully resistant 
to infection 5 days after inoculation. This appar- 
ent lag in appearance of antibody may have been 
due to enhancement of antibody litre during the 

4 The serum caused the death of only 1 of 6 mice, hut 
passage and a protection test proved that death was 
due to yellow fever virus. 
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incubation period of the disease, or it may' be that 
other factors associated with immunity antedate 
the appearance of demonstrable antibody. How- 
ever this may be, the results confirm and extend 
the observations of Theiler and Smith (3) and 
demonstrate the early appearance of an effectual 
protective mechanism following yellow fever vac- 
cination. 

In man. The following experiment was done to 
ascertain how soon after vaccination circulating 
antibody could be demonstrated in man. The 
essential difference between this experiment and 
similar ones by others was our use of a more sensi- 
tive method (8) for detecting the antibody. 

TABLE 3 


Yellow fever protection tests on the sera of humans before 
and at various intervals after inoculation with standard 
lyellow fever vaccine virus 17D 


VOLUN- 
TEER KO, 

PROTECTION RATIO* 

BcfoTe ! 
vaccina- 
tion 

Days after vaccination 

7 

10 

14 

21 

1 

0/6 

1/6 

6/6 

6/6 

6/6 

2 

0/6 

4/5 

6/6 

6/6 

6/6 

3 

0/6 

0/6 

4/6,8/81 

6/6 

6/6 

4 

0/6 

2/6 

6/6 

5/5 

6/6 

5 

0/6 

0/6 

4/6, 7/8 

6/6 

6/6 

6 

0/6 

0/6 

0/6 

2/6, 8/8 

5/6 

7 

0/6 

0/5 

3/6, 7/8 

6/6 

i 6/6 

8 

0/6 

1/5 

5/6 

! 5/6 

1 6/6 

9 

0/6 

1/6 

5/6 

! 6/6 

: 5/5 

10 ! 

j 

0/6 

0/6 

4/6 , 8/8 

6/6 

6/6 


* Numerator indicates the number of mice which 
survived, denominator the number inoculated. 

f 8/8 and 7/8 are results of highly sensitive tests 
in 14-day-old mice, all other tests being done in mice 
35 days old. 

Ten adult male African volunteers, each non- 
immune to yellow fever, were inoculated subcu- 
taneously with 0.5 ml. each of a 1 in 10 dilution of 
17D vaccine virus, lot 1110-1, and the vaccine was 
titrated as in the previous experiment. The 
potency of the vaccine was such that each man 
received 10,000 mouse intracerebral MLD. At 
intervals of 7, 10, 14 and 21 days after vaccination, 
each man was bled for protection test, all the post- 
vaccination sera being tested in the same test run. 
Table 3 shows the results of these tests. 

From the data in table 3 it will be seen that 1 
of the 10 men had circulating antibody on the 7th 


day, 9 of 10 on the 10th day, and the* sera of all 
were protective by the 14th day. Thus, antibody 
was not demonstrable in man quite so early as in 
rhesus monkeys but there was a very high incidence 
of humoral immunity by the 10th postvaccination 
day. Judging from the inoculation experiments 
in monkeys it seems highly probable that an 
effectual protective mechanism against infection 
would be operative at least by the 8th or 9th day. 

POSTVACCINATION IMMUNITY SURVEYS 

Per cent of humans immunized by ihe inoculation . 
Persons inducted into the armed forces in East 
Africa in recent years have been inoculated against 
yellow fever with 17D vaccine supplied by this 
Institute. Inoculation centers for such personnel 
have been established in many places throughout 
East Africa and the inoculations have been done 
by various officers, none of whom were specially 
trained for this purpose. The centers in some 
instances are not readily accessible, and it was 
deemed desirable to check on the results obtained 
under active service conditions. Representative 
samples of personnel vaccinated in numerous cen- 
ters were obtainable at 2 depots in East Africa 
through the courtesy of Brigadier R. P. Cormack, 
Director of Medical Services, East Africa Com- 
mand. Samples of blood were taken from 103 
persons whose pay-book records showed the date 
and place of vaccination. The greater proportion 
of these persons came from areas where yellow fever 
is not known to have occurred and where protec- 
tion test surveys are negative. The sample in- 
cluded individuals who had been vaccinated at 29 
different inoculation centers as widely separated as 
Jinja, Uganda; Lusaka, N. Rhodesia; Zomba, 
Nyasaland; and Ceylon. Sixty-two of the per- 
sons bled had been inoculated less than 6 months, 

26 had been inoculated more than 6 months but 
not more than 1 year, while the remaining 15 had 
been inoculated 13 to 22 months. 

When these specimens were examined in the 
yellow fever protection test one gave an inconclu- 
sive result 5 in 3 tests and had to be excluded. 
Ninety-four, or 92.2 per cent, were found to be 
protective, and 8 were n on-protective. The nega- 
tive sera came from individuals vaccinated in sev- 
eral different localities, and there was no indication 
that impotent vaccine or faulty technique had 

5 This man had been inoculated only 13 days before 
his blood was taken and it is probable that his serum 
antibody titre was rising. 
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been employed any where. Results are shown in 
table 4. 

This result was regarded as quite satisfactory, 
since a great variety 7 of modes of transportation for 
the vaccine were involved, as well as a diversity of 
local conditions of supply 7 and climate and the in* 
evitable variations of the “human factor.” It 
showed that, notwithstanding all the distance cov- 
ered between the production laboratory and the 
recipient of the vaccine, and the time elapsed, a 
very high per cent of persons become immune as 
result of the inoculation. 

Duration of the immunity induced by vaccination . 
Two zones in British East Africa are admirably 
suited to investigation of the duration of immu- 


plied by this Institute. Between November 1943 
and April 1944, 181 of these persons were bled by 
Dr. James M. Liston, Kenya Medical Sendee, and 
the specimens were sent to this laboratory for test- 
ing. Through the vigilance of Dr. Liston, only 
persons believed to be the rightful possessors of the 
certificates presented were bled. Candidates of 
various ages were selected. Also, persons vacci- 
nated on different days, at different places and 
with different lots of vaccine were sampled, the sera 
including specimens from individuals inoculated 
in at least 14 different places (place not stated for 4 
donors) with 13 different batches of vaccine. The 
donors were bled 23 to 36 months after receiving 
the vaccine, the mean interval being 30 months. 


TABLE 4 


Summary of postvaccinalion yellow fever protection tests on military personnel end on residents of 

Kenya and Uganda 


so race or ser a 

INTERVAL 
BETWEEN VACCINA- 
TION AND TESTS 

NO. 

TESTED 

NO. 

IMMUNE 

PER CENT 
IMMUNE 

ACE GROUP 

NO. 

TESTED 

NO. 

immune 

PER CENT 
IMMUNE 


month 








Army 

j 

1-22 

mean 6.8 

102* 

94 

92.2 

Adults 

102 

94 

92.2 

Kenyra coastal area 

! 

23-36 

170f 

153 

90.0 

Children}: 

24 

mm 

95.8 


mean 30 j 




Adults 

146 

m 

89.0 

Bwamba County, 

l 

24 

300 

278 

92.7 

Children 

139 

128 

! 92.1 

Uganda 





Adults 

161 

150 

1 

93.2 

Bwamba County, 

36 

300 

280 

93.3 

Children 

mm 

KB 

94.0 

Uganda 



! 


Adults 

i 

I 

m 

92.7 


* One other which gave an inconclusive result is excluded. 

f Three others which gave inconclusive results and 8 which were toxic are excluded. 
t Children include persons 0-14 years of age, adults include persons 15 years old and over. 


oity induced by vaccination: the Kenya coastal 
belt and the Toro district in western Uganda. 

Early in 1941 a program of mass vaccination 
against yellow fever was undertaken in the Kenya 
coastal belt, principally directed toward prevent- 
ing the eastward spread of the disease. All the 
residents and the non-resident laborers in a 10- 
mile-w'ide area along the Kenya shore of the Indian 
Ocean were inoculated, the program being under 
the direct supervision of Dr. C. R. Philip of the 
Kenya Medical Service. A certificate bearing the 
date of inoculation and the lot of vaccine used was 
issued to each person injected. In ail, about 335,- 
000 persons were inoculated in this area between 
April 1941 and May 1942 with 17D vaccine sup- 


No lot of vaccine was responsible for a significantly 7 
high per cent of failures, and no inoculation center 
was found to have obtained poor results. 

Results of the Kenya survey are shown in table 
4. Eleven of the specimens had to be eliminated 
from consideration because they gave toxic (8 
specimens) or inconclusive (3 specimens) results. 
Of the remaining 170 specimens, 153 (just 90 per 
cent) were protective. From the results shown in 
table 4 it is clear that the children retained their 
immunity 7 quite as well as the adults. 

At about the same time as the mass vaccination 
program in the Keny r a coastal area, a similar pro- 
gram was undertaken in the Toro district of 
western Uganda. This was done in order to arrest 
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locally an outbreak of yellow fever then in progress 
in Bwamba County and to prevent its spread 
afield (10). Between May 1941 and August of 
that year 145,152 persons were inoculated with 
17D vaccine in this district, under the supervision 
of Dr, J. C. St. G, Earl, then Senior Medical 
Officer, and Dr. J. K. Hunter, District Medical 
Officer, both of the Uganda Medical Service. A 
determined effort was made to have every person 
in the demarcated area inoculated, from babes at 
breast to the eldest residents. Persons unable to 
walk were carried to the inoculation centers. 


different batches of vaccine. The population of 
the county is estimated at 35,044, so that the 
sample included nearly 1 per cent of the whole. 

Sampling in this area was done wholly without 
reference to certificates or statements of the donors 
regarding inoculations, as it had already been found 
(10) in this same region that the only reliable means 
of identifying any given person for any purpose was 
by finger-printing, a procedure not possible in this 
instance. After collection of each sample a nota- 
tion was made regarding the donor’s statement 
that he had or had not been vaccinated, but in the 


TABLE 5 


Poslvaccinalion yellow fever protection tests on sera of residents of Bwamba County, Uganda, showing results for 

different age groups in various areas within the County 


! 

AREA 

ESTIMATED 

rorutA- 

TlON 

AGE GROUP 

2 YEAR SURVEY 

3 YEAR SURVEY 

Number 

examined 

Number 

immune 

Percentage 

immune 

Number 

examined 

Number 

immune 

Percentage 

immune 

Busaro 

8705 

(M4 

35 

33 

94.3 

35 

34 

97.1 



15 and over 

35 

35 

100.0 

35 

32 

91.4 

Bubandi 1 

7705 

0-14 

30 

28 

93.3 

n 

26 

86.7 



15 and over 

30 

27 

90.0 

■■ 

28 

93.3 

Hakitengya 

8499 

0-14 

35 

32 

91.4 

35 

35 

100,0 



15 and over 

35 

35 

100.0 

35 

33 

94.3 

Buhundu 

7233 

0-14 

20 

i 

I U 

1 85.0 

■9 

28 

93.3 



15 and over 

I 40 

i 33 

82.5 

■1 

29 

| 96.7 

Rwebisenge 

2902 

1 0-14 

19 

18 

94.7 

20 

WM 

, 90.0 



15 and over 

21 

20 

95.2 

20 

H9 

85.0 

Total 

35,044 

0-14 

MM 

■■ 

92.1 

150 

ES 

94.0 



15 and over 

m 

m 

93.2 

150 

m 

92.7 

Grand total 

300 

278 

92.7 

300 

280 

93.3 


Extensive yellow fever investigations had al- 
ready been made in a portion of the Toro district 
(10, 11, 12), namely Bwamba County, and the 
postvaccination survey was carried out there. 
The county is divided for administrative purposes 
into 5 gombololas, each with its chief. These in 
turn are subdivided into varying numbers of local 
units called murukas, each with its local chief. 
There are, in all, 30 murukas in Bwamba. The 
postvaccination sample included blood specimens 
from 10 persons, usually 5 adults and 5 children, 
from each muruka, or a toll of 300 specimens. 
Since the vaccinations were done by administrative 
units this gave a representative sample of persons 
inoculated at different places and times, and with 


final analysis these statements proved to be of no 
significance. Children bom after the completion 
of the vaccination program were rejected as being 
known non-vaccinated individuals. 

Postvaccination surveys of immunity inBwamba 
were made just 2 years and again just 3 years 
after the mass inoculations. A summary of 
the results of both surveys is shown in table 4 
along with the results from the Service group and 
the survey of the Kenya coast. To study further 
the results in Bwamba', table 5 has been prepared 
showing the findings of the 2 and 3 year surveys 
by regional localities. 

The results in table 5 have a significance which is 
not apparent from the data shown. It has already 
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been stated that the distribution of immunity to 
yellow fever in Bwamba prior to the mass inocula- 
tions was not homogeneous (10, 11, 12). Surveys 
made in 1937-1940 showed that 10.8 per cent of the 
general population was immune (12) and that in 
the middle, forested portion the incidence (20 per 
cent) was more than twice as high 0 as in the south- 
ern grasslands area (8 per cent) £10). Moreover, 
in many localities in the grassland area (Bubandi 
Gombolola) and on the slopes of the Ruwenzori 
mountains (Buhundu Gombolola) there was a com- 
plete absence of immunity in children. After the 
mass inoculations, however, the incidence of immu- 
nity was of quite even distribution throughout the 
County and the rate in children was as high as that 
in adults (table 5). Furthermore, 3 years after 
compfetion of the vaccination program the children 
retained their immunity as well as the adults. 

Thus in each of 3 population groups of significant 
size, 90 per cent or more of persons were found to 
be immune following inoculation with yellow fever 
vaccine 17D, in tests done as long as 3 years after 
the vaccination. There was no decline in the 
immunity rate during the third year, as shown by 
comparing the 2 year and the 3 year results from 
Bwamba County, Uganda. The results are in 
agreement with those reported recently by Bugher 
and Gast-Galvis (13) from Colombia. They 
speak well for the use of the vaccine in general 
practice, so to speak, and indicate that the validity 
of the yellow fever vaccination certificate may 
safely be extended well beyond 3 years without 
regard to the age of the vaccinated person. 

Plans have been laid for the repetition of these 
surveys in the future to obtain more information 
on the duration of the immunity induced by vac- 
cination. 

SUMMARY 

1 . Protective antibody against yellow fever virus 
is demonstrable in the serum of rhesus monkeys 
within 6 or 7 days after inoculation with standard 
17D yellow fever vaccine virus. 

2. Rhesus monkeys are completely resistant to 
the inoculation of highly virulent pan tropic yellow 
fever virus within 5 or 6 days after injection of 17D 
vaccine. This resistance is present prior to the 

6 The incidence of immunity to yellow fever in this 
forested region was further elevated to more than 40 
per cent by an outbreak of the disease which occurred 
early in 1941 (10), this epidemic being the occasion for 
the mass inoculations which follow ed. 


appearance in the serum of demonstrable protec- 
tive antibody. 

3. Protective antibody is demonstrable in man 
in a high per cent of cases by the 10th day after 
injection of 17D vaccine and may be present as 
early as the 7th day. 

4. Postvaccination surveys of immunity were 
made in persons inoculated in Africa with 17D 
vaccine prepared in New York, and revealed the 
following: 

a. 92.2 per cent of military personnel sampled 
1 to 22 months after vaccination exhibited pro- 
tective antibody. 

b. 90 per cent of civilians inoculated in Kenya 
exhibited protective antibody in their sera 23 to 
36 months after receiving the vaccine. 

c. More than 90 per cent of persons vaccinated 
in Uganda had protective sera after 3 years, and 
there was no decline in the incidence of immunity 
during the third year. 

d. The percentage of children who became 
immune as the result of inoculation was as great 
as that in adults, and the antibody response was 
equally well maintained. 
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INTRODUCTION 

In efforts to unravel the epidemiology of jungle 
yellow fever and determine the manner in which 
the virus is maintained in certain forested areas 
of South America, many species of indigenous 
vertebrates and arthropods have been investigated 
as possible hosts and vectors. 

Susceptibility of vertebrates has usualty been 
gauged by inoculating graded doses of virus or, 
less frequently, by infecting through the bite 
of a mosquito and subsequently testing for the 
amount and duration of the circulating virus. 
Only occasionally has cyclic transmission b}' means 
of alternate passage through insect vector and 
vertebrate host been attempted in animals native 
to the forests where the virus has been found, and 
in no instance has the virus been maintained in 
them in combination with a vector beyond one 
complete cycle. Likewise, experimental evidence 
incriminating sylvan mosquitoes as vectors is 
based upon single rather than serial cyclic trans- 
missions. 

While such experiments constitute the first 
logical step and have yielded much valuable infor- 
mation, they are not entirely satisfying to the 
epidemiologist. The mere fact that an animal 
circulates virus following artificial introduction 
of the virus does not necessarily imply that the 
animal may be a potential natural host. Nor 
does one single vector-animal-vector cycle furnish 
much additional proof. The epidemiologist would 
like to know whether a given vertebrate or insect 
can serve in the continuous cyclic passage of the 
virus. 

1 The work on which these observations arc based 
was done under the auspices of the Servifo de Estudos 
e Pesqutsas s6brc a Febre Amarela (Yellow Fever 
Research Sendee), which is maintained jointly by the 
Ministry of Education and Health of Brazil, and the 
International Health Division of The Rockefeller 
Foundation. 


If an animal does play an essential part in the 
maintenance of the virus under natural conditions 
it should be possible to reproduce these conditions 
in the laboratory and thus maintain the virus 
at will through repeated alternate animal-vector 
cycles. Conversely, it may be argued that unless 
an animal fulfills this host requirement in combina- 
tion with a suitable vector, it is improbable that 
it alone can be the host responsible for the mainte- 
nance of the virus in nature. 

It would seem justifiable to apply a similar 
criterion to suspected arthropod vectors. That 
is, an effective vector should be capable of trans- 
mitting the virus in series in combination with 
a suitable vertebrate host. Experiments were 
therefore devised to determine the eificaq r of 
vertebrate hosts on the one hand, and, on the other, 
the efficacy of insect vectors, in maintaining the 
virus in serial cyclic transmissions. 

Since primates, captured following the passage 
of jungle yellow fever through a region, have fre- 
quently been found immune, and since they are 
in general rather highly susceptible to laboratory 
infection with the virus, a species from each of 
the two widety distributed genera of primates 
in Brazil was first chosen for study. The species 
were Callithrix auriia , belonging to the marmoset 
or Callithrix genus, and Ccbus versutus, belonging 
to the Ccbus genus of monkeys. * 

Davis (1, 2, 3), to whom we are indebted for 
extensive studies on the susceptibility of Brazilian 
primates to yellow fever, found that three species 
of the Ccbus monkey, inacroccphalus , albifrons y and 
frontatus , and two species of marmosets, Callithrix 
albicollis and Lconiocebus nr stilus f could be infected 
not only by inoculation of infectious material 
but also by the bite of mosquitoes which had pre- 
viously fed on infected rhesus monkeys. He 
also demonstrated that the virus could be trans- 
ferred back to rhesus monkeys through mosquitoes 
that had fed on infected cebus monkeys and the 
two species of marmosets. He did not attempt, 
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however, to continue the alternate host-vector 
transmissions beyond one complete cycle in 
Callithrix albicollis . Acdcs aegypti was employed 
as the insect vector. It may be added that at 
the time these experiments were performed, it 
had not been proved that the virus may be har- 
bored in forested areas independent of the human- 
aegypti cycle. 

Laemmert (4) has since confirmed and extended 
the observations of Davis on the high susceptibility 
of marmosets. He also showed that the marmoset 
may infect and be infected by mosquitoes, but 
again the mosquito-marmoset transmission was 
not pursued beyond one cycle. 

Since yellow fever virus has been repeatedly 
isolated from wild caught haemagogus mosquitoes, 
it seemed indicated to investigate further the 
vector efficiency of this genus (5, 6, 7, 8), Experi- 
mental transmissions with hacmagogus mosquitoes 
have been recorded, but the results have not been 
consistent (9, 10). The experiments here reported 
on cyclic transmissions with a species of this genus 
are incomplete. However, they have been in- 
cluded, as they furnish some additional infor- 
mation on its efficacy as a vector. 

MATERIALS AND METHODS 

Virus stratus. Two Brazilian and one Colom- 
bian strain of jungle yellow fever virus were 
employed. The Brazilian strains, Olympio 
Christo (O.C.) and Jouo Zanabrea (J.Z.), have 
been described by Laemmert (4). Both were 
isolated from patients with non-fatal cases of 
jungle yellow fever by the inoculation into rhesus 
monkeys of blood withdrawn from the patients 
during the acute stage of the disease. In these 
experiments the O.C. strain was used in its seventh 
consecutive rhesus monkey passage, and the J.Z. 
in its sixth. The Colombian Volcanos strain 
was isolated in 1943 from a rhesus monkey bitten 
by baemagogus mosquitoes captured in the forests 
of Volcanes, Colombia. The desiccated serum 2 
from this first passage rhesus monkey was used 
to initiate the cebus monkey-mosquito cycles 
with this virus strain. 

Although none of the strains had been passed 
previously through mice, all were found highly 

2 The desiccated serum was kindly sent to us by the 
Laboratory of the Section of Special Studies, maintained 
by the Ministry of Labor, Hygiene, and Social Welfare 

of the Republic of Colombia and the International 
Health Division of The Rockefeller Foundation- 


infective to these animals and could be satisfac- 
torily titrated by intracerebral inoculation. 

Vertebrate hosts . The marmosets (i Callithrix 
auriia 3 E. GeofI) were purchased from a local 
trapper at Guaratiba, State of Rio de Janeiro. 
None of them possessed neutralizing antibodies 
for yellow fever virus when captured, and, as far 
as is known, the virus was never found in the 
region whence these animals came. This partic- 
ular species, while closely related to other 
members of this very widely distributed genus, 
has a habitat limited to the littoral of the states 
of Rio de Janeiro and Sao Paulo. 

The cebus monkeys ( Cebus versulus* Elliott) 
were captured in the region of Aragtiari and 
Uberaba, State of Minas Gerais. A wave of 
jungle yellow fever passed through this region 
about six years previously, and a few of the older 
animals possessed neutralizing antibodies to yellow 
fever virus. None of the positive reactors were 
used in the experiments. Monkeys of this species, 
or ones very similar, are found in forests over a 
vast area extending northward from Argentina 
through the entire expanse of Brazil. 

Insect vectors . Acdcs aegypti Linnaeus were 
used in the experiments designed to test the efficacy 
of cebus monkc> r s and marmosets as hosts of 
yellow fever virus, because they are known to 
be good vectors and also because they were the 
only mosquitoes constantly available in adequate 
numbers. All of the aegypti came from a labora- 
tory colony established in 1942 from females 
captured at Nova Iguassu, State of Rio de Janeiro. 

Later, laboratory reared Baemagogus cquinus 
Theobald were employed in conjunction with 
marmosets. The colony stemmed from eggs 
obtained from Osomo-Mesa (11), who had pre- 
viously succeeded in colonizing this mosquito 
in Bogotd, Colombia. 

The mosquitoes were infected and stored essen- 
tially as described by Stokes, Bauer, and Hudson 
(12). The H. equinus were reared, and maintained 
following infection, at a more or less constant 
temperature (26-28°C) and humidity (R.H. 
70-90 per cent). Some of the A. aegypti were 
kept in the air-conditioned room following infec- 
tion, but most of them were subjected to the usual 
laboratory environment (ranging in temperature 
from 2 0-3 4° C). 

3 We are indebted to Dr. J. Moojen of the Museu 
Nadonal in Rio de Janeiro for making these indentifica- 
tions and furnishing information on habitat. 
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Virus determinations. In order to verify trans- 
mission of infection to the host and ascertain 
whether the next passage mosquitoes had ingested 
virus, either scrum from blood withdrawn! from 
the animal immediately after the mosquitoes had 
fed or an emulsion of five to ten engorged mos- 
quitoes was inoculated intraccrebrall}- into six 
white mice. When quantitative determinations 
were desired, serial tenfold dilutions of scrum or 
of mosquito emulsion were inoculated intraccrc- 
brally into groups of six mice for each dilution. 
All dilutions, as well ns the initial suspension of 
the triturated mosquitoes, were made in 0.S5 
per cent NaCi containing 10 per cent of normal 
human scrum. 

In addition, mosquitoes were occasionally 
tested f&r virus fGiiowi&ff suite 3 Mr inwhs 

period, by permitting them to bite two-day-old 
mice or by intracerebral inoculation of an emulsion 
of triturated mosquitoes into adult mice. This 
procedure was not followed consistently, as the 
continuation of the cycle and the ability of the 
mosquitoes to transmit the virus was determined 
by whether or not the next passage animal became 
infected. 

Tests for immunity* Only animals giving a 
negative neutralization test for yellow fever virus 
were used in these experiments. Blood was 
withdrawn (from the survivors) 21 days following 
exposure to the test mosquitoes, and in order to 
facilitate comparison this sample was tested simul- 
taneously with the pre -exposure sample. The 
intracerebral technique described by Theiler (13) 
and modified by Bugher (14) was employed. The 
mice were between 21 and 28 days of age, and 
the unit of virus approximated 100 MLD. 

Technique employed in host -vector cycles . The 
cycles were initiated in the host either by sub- 
cutaneous inoculation of the virus or by the bite 
of known infectious mosquitoes. At intervals 
thereafter, ranging from the second to the seventh 
day, batches of mosquitoes were permitted to feed, 
it having been previously determined that the 
virus usually circulated in marmosets and cebus 
monkeys within this period. The feedings were 
accomplished by strapping the animal back-down- 
ward on a padded board, removing the hair from 
a portion of the abdomen, and introducing the 
immobilized animal into the cage containing the 
mosquitoes. At the end of one-half to one hour, 
depending upon the avidity with which the mos- 
quitoes fed, the animal was withdrawn. The 
insects which had not fed were culled and 


discarded. Those which had ingested blood were 
stored until the presence or absence of circulating 
Virus at the time of the blood meal was determined. 
If no virus could be demonstrated the mosquitoes 
\vcre discarded. 

The lots which had ingested virus were pooled, 
following adequate incubation periods, the pooled 
insects were permitted to feed on one or more 
normal animals and thus the host-vector-host 
Cycle was continued. The number of mosquitoes 
lised in making the transfers varied considerably, 
as it was dependent upon three unpredictable 
factors: the percentage of the exposed mosquitoes 
taking the infective meal, the number surviving 
the incubation period, and the percentage feeding 
on the next passage animal. 

EXPERIMENTAL 

Callithrix aurtia-Acdes aegypti series , This 
Scries was commenced by inoculating a marmoset 
Subcutaneously with rehydrated serum from a 
thesus monkey infected with O.C. virus. Mos- 
quitoes were fed on this marmoset when the virus 
titer in the blood was high, and 28 days later the 
mosquitoes were permitted to bite a second mar- 
moset. From then on the host-vector-host cycles 
Were continued through the ninth cycle according 
to the technique previously described. The 
Results are schematically recorded in fig. 1. 

» In no instance did an exposed marmoset fail to 
become infected. All showed virus in the blood 
when first tested on the second or third day. 
Fifteen of the 1 7 exposed animals died on the fourth 
to the eighth day. Virus continued to circulate 
until death. One of the two that recovered cir- 
culated virus only up to the fourth da}', the other 
up to the fifth day. Both were immune when 
tested on the twenty-first day following exposure 
to the infected mosquitoes. 

The number of days elapsing between the in- 
fective meal of the mosquitoes and the time at 
which they were permitted to feed upon the next 
normal animal in the series varied from 19 to 73 
days. The average incubation period was 34 
days. 

The number of mosquitoes used in making the 
passages ranged from four to 120 with an average 
of 47. In only five instances were the mosquitoes 
otherwise tested (in mice) for the presence of 
virus. In each instance virus was demonstrated. 

It was the plan to discontinue passages after 
five cycles had been achieved, as it was believed 
this number should suffice to demonstrate that, 
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barring accident, the cycles could be continued 
indefinitely. In this instance the parages were 
prolonged as a source of infectious mosquitoes 
for other experiments. Two or more animals 
were sometimes used in the passages but, consid- 
ering the consistency with which mosquitoes 
transfer this virus strain from one marmoset to 
another, only one passage animal should be re- 
quired for keeping the cycle chain intacL Nor 
docs there appear to be any diminution in the 
severity of the infection. The last marmoset 
recorded in the series died from the infection and 


was permitted to bite two other normal cchus 
monkeys. By following this general procedure 
it was possible to maintain the virus through 
five complete cycles. The series was then volun- 
tarily discontinued. 

All of the exposed cehus monkeys circulated 
vims and there that recovered developed immunity 
(fig. 2). Only two of the 13 used in the experi- 
ment died, and one of them died from a cause 
other than yellow fever. Five of the six pools 
of mosquitoes u*ed in transferring infection were 
tested for vims either by feeding them upon baby 
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Fro. 1 

the serum was infectious to mice in a dilution 
exceeding 10~L 

Cebus monkey ( Cebus ver$uius)~Acdc$ aegypii 
cycles. Acdcs aegypii which had been infected 
42 days earlier on a rhesus monkey inoculated 
with the J.Z. vims strain were allowed to bite 
a pair of normal cebus monkeys. Fresh lots of 
mosquitoes were fed on both animals from the 
third to the seventh day following exposure to 
the infected mosquitoes. After an incubation 
period of 36 to 40 days, a pool of the mosquitoes 
that had fed at a time when vims was circulating, 


mice or by intracerebral inoculation of a sus- 
pension of the triturated mosquitoes. All of those 
tested were found to contain virus. The periods 
of incubation of the mosquitoes between the 
infective and the test feeding varied from 26 to 
52 days and the number of mosquitoes used for 
passages ranged from 15 to 143. The mean was 
68 . 

Titration of circulating virus in cebus monkeys 
used in this as well as other experiments indicates 
that the virus is invariably present during the 
the third, fourth, and fifth postinfection days, 
is usually present on the sixth, and in five of 
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eight monkeys tested was present on the seventh 
day. However, the concentration is low when 
compared with that found in the marmoset. The 
maximum titer may not exceed 10~ 4 and rarely 
reaches 10~ 6 . 

The J.Z. strain was used in the above-mentioned 
experiment because it seemed to be more virulent 
for cebus monkeys than most other jungle strains. 
Having been successful in maintaining this rel- 
atively virulent strain, it was decided to use one 
of the least virulent of the jungle strains then in 
our possession, the Volcanes strain from Colombia. 

Two successful cycles were completed with this 
strain. The experiment was abruptly terminated 
by the accidental exposure of the third cycle 
mosquitoes to insecticide. The lone survivor 
was found to contain an abundance of virus when 
triturated and inoculated intracerebrally into mice. 
However, not all of the exposed monkeys circulated 
this virus strain in concentration adequate to 
infect mosquitoes consistently. It would appear, 
therefore, that in order to assure continuous prop- 
agation of this relatively avirulent strain in 
cebus monkeys several animals may be required 
for each passage. 

CaJlithrix aurita-Eacmagogus cquinvs series. 
It having been shown that the marmoset ( Calli - 
thrix anriia) is a suitable animal for consistently 
infecting batches of Aedcs aegypti , the next step 
was to determine whether Eaemagogus sp a 
sylvan mosquito, could likewise serve as a vector 
in combination with this proven good host. While 
there is no great difficulty in rearing E . cquinus 
under captive conditions, the females tend to 
die off rather rapidly. At least this has been 
our experience. The high mortality among the 
mosquitoes following the infective feeding intro- 
duced complications not encountered with the 
domestic A. aegypti and necessitated considerable 
reduction of the incubation periods or the number 
of mosquitoes used in making the passages. The 
experiments here reported are incomplete but 
nevertheless throw some light on the efficacy of 
this species as a vector of yellow fever virus. 

The cycles were inititated by feeding H. equinus y 
upon a marmoset from the seventh aegypti- 
marmoset cycle. On the 26th and the 27th day 
following feeding the two survivors were allowed 
to bite a normal marmoset. The transmissions 
from here on are graphically presented in figure 3. 
Three cycles were completed when the series was 
interrupted owing to the lack of fresh equinus 
females to feed on the third passage marmoset 
prior to its death from yellow fever virus infection. 


In interpreting the successful as well as the 
unsuccessful attempts at transmission in this 
series consideration should be given to both the 
number of mosquitoes involved and the period 
elapsing between the infective and the test feed- 
ings. In two of the three failures to transmit, 
the mosquitoes were used from 7 to 10 and from 
13 to 15 days following feeding on the infected 
animal. These periods are dangerously near the 
minimum incubation time required for a mosquito 
to transfer the virus by bite. Although the time 
interval was adequate in the third unsuccessful 
attempt, only one mosquito was involved.?^ On 
the other hand, the four successful transfers from 
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marmoset No. 1 to No. 2, from No. 2 to No. 3 and 
to No. 4, and from Nos. 3 and 4 to No, 7, were 
made with two, four, two, and four mosquitoes 
respectively. Indeed, under similar conditions 
of shortened incubation period and the small 
number of mosquitoes employed, it is doubtful 
if the record of Acdes aegypti would have been any 
better. 

It may be added that in a single experiment three 
E . spegazzinii , a species found in regions where 
jungle yellow fever is endemic in Brazil, were able 
to transmit the virus from an infected to a normal 
marmoset. Owing to lack of mosquitoes the cycle 
was not continued. 


DISCUSSION 

It has been shown that in combination with a 
suitable insect vector certain strains of jungle 
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yellov/ fever may be maintained at will in cyclic 
passages through marmosets ( Callilhrix auriia) or 
cebus monkeys ( Cebus versutus). While most of 
the passages were made in conjunction with Aedes 
acgypti, a mosquito which admittedly plays no 
part in the epidemiology of jungle yellow fever, 
some preliminary experiments imply that certain 
members of the genus Haemagogjis may serve 
equally well as vectors of the virus. 

It is quite conceivable that, given an adequate 
population of marmosets or cebus monkey's in 
association with an effective insect vector, yellow 
fever virus may be harbored in forested areas, 
probably not for a long period in am' one locality 
but rather in the form of wandering epidemics. 
Indeed, epidemiological observations, even in 
regions where the disease is “endemic,” suggest 
that the virus does not remain long at any one 
place (6, 7, 8) . It tends to “bum out” and migrate . 
from one locality to another as conditions favor. 

Inasmuch as the period of circulation of the 
virus in both marmosets and cebus monkeys is 
usually limited to a few days, the mosquito may, 
from the aspect of time, be considered more of 
a reservoir of the virus than the animal host, since 
the mosquito once infected commonly remains 
infectious throughout its entire life (8, 12). This 
feature has been remarked upon by Bugher and 
Boshell (6). 

While it is believed that these experiments lend 
additional support to the concept that the virus 
may' be preserved in forested areas by alternate 
passage through sylvan mosquitoes and South 
American primates, they do not preclude the possi- 
bility that some other vertebrates or arthropods 
may play a role in the epidemiology of jungle 
yellow fever. 

Similar studies with marsupials, other species 
of marmosets, and mosquitoes of the Hacmagogus 
genus are now in progress. 

SUMMARY 

A strain of yellow fever virus of jungle origin 
was easily maintained by alternate passage through 
a species of marmoset ( Callilhrix auriia) and 
Aedes aegypti mosquitoes. Nine cycles have been 
completed. 

Yellow fever virus, also of jungle origin, was 
similarly passed through cebus monkey's ( Cebus 
versutus) and Aedes aegypti. Five cycles were 
completed when the series was voluntarily' 
interrupted. 

Dsing Baemagogiis cquinus as vector in con- 


junction with the marmoset as host, three cycles 
were completed before the series was interrupted 
for lack of fresh mosquitoes. 

The implication of these observations in relation 
to the epidemiology of South American jungle 
yellow fever is briefly' discussed. 
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INTRODUCTION 

It has been presumed by investigators of jungle 
yellow fever that virus may be preserved in certain 
forested areas by cyclic transmission through 
vertebrate hosts and insect vectors. Suspicion 
has fallen upon members of the order of primates, 
since they are susceptible to experimental infection 
and have frequently been found immune to yellow 
fever in regions where the disease is endemic and 
also in regions through which an epidemic wave 
has passed. However, yellow fever virus lias 
never been isolated previously from naturally 
infected vertebrates other than man. 

The object of the present communication is to 
report the isolation of yellow fever virus from 
captured marmosets on four separate occasions. 
These isolations were made during the course of 
epidemiological investigations in the vicinity of 
Uhfius, State of Bahia, where, presumably, the 
disease is endemic. The study included extensive 
capture of wild animals, principally for the purpose 
of determining the incidence of specific yellow 
fever immunity, but also with the object of demon- 
strating the presence of virus. 

Isolation of virus . In the area selected for 
epidemiological studies marmosets of the species 
Callithrix pcnicillata (E. Geoffrey, 1812) are quite 
plentiful, and 1,437 marmosets of this species 
have been captured or purchased from local 
trappers. Early in the investigation results of 
neutralization tests showed that a significant pro- 
portion of marmosets captured in certain areas 
in the general region possessed yellow fever anti- 
bodies in their sera. 

All captured animals were sent to the field 
laboratory and bled shortly after arrival. Their 
sera were sent to the central laboratory for testing 
for yellow fever antibodies. The marmosets were 
kept under observation for a minimum period of 

^Fhe work on which these observations are based was 
done under the auspices of the Servico de Estudos e 
Pesquisas s6bre a Febre Amarela (Yellow Fever Re- 
search Service) 'which is maintained jointly by the 
Ministry of Education and Health of Brazil and the 
International Health Division of The Rockefeller 
Foundation. 


eight days, and were then preserved for use as 
experimental animals, provided that they were 
non-immune. Any which died were carefully 
autopsied. Portions of liver, lung, spleen and 
kidney were sent to our central laboratory for 
pathological diagnosis. If, at time of autopsy, 
the gross appearance suggested infection with 
yellow fever virus, a suspension of the liver and, 
occasionally, blood serum and brain material 
were inoculated intraccrebrally into mice. In 
certain instances non-immunc marmosets were 
inoculated subcutaneously with similar material. 

Ahnada strain 1. Marmoset A was captured 
in a small patch of forest situated near the railway 
station at Lava Pes, on property belonging to 
the Fazenda Almada. The animal was captured 
on June 7, 1944. The following day it was received 
at our field laboratory, where it was noted as 
being “in a weak condition.” A blood sample was 
^withdrawn from the heart on June 8, and 4 hours 
afterward the marmoset died. On autopsy the 
gross pathology was recorded as “suspicious 
for yellow fever,” This diagnosis was confirmed 
by histological examination. A 10 per cent sus- 
pension of liver tissue was prepared, and the 
centrifuged supernatant was injected intracere- 
braliy into mice. Serum obtained on June 8 
contained yellow fever antibodies and also an 
antigen capable of fixing complement in the pres- 
ence of yellow fever antiserum. 

One of the six mice inoculated with the liver 
suspension became ill on the ninth day after 
injection. Its brain was passed to a second group 
of five mice, three of which became ill on the 
fifteenth day. The brains of these sick mice 
were removed, emulsified in saline and centrifuged. 
A portion of the supernatant was used for a 
specificity test, which confirmed the identify of 
the pathologic agent as yellow fever virus; the 
remainder was desiccated and sent to our central 
laboratory for preservation. 

Among the remaining five mice of the original 
group inoculated with liver suspension, two became 
ill on the twelfth day, one on the eighteenth day 
and one showed no sign of illness during a 30-dav 
observation period. 
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Bomfim strain . On August 7, 1944, Marmoset 
B was captured in a cocoa plantation at Fazenda 
Bomfim, about 3 kilometers distant from the 
place where infected marmoset A had been cap- 
tured. It was received at the laboratory on 
August 10, in a weak condition, and died after 
being bled on the same day. Gross autopsy 
findings suggested yellow fever infection. One 
group of mice and one marmoset were inoculated 
with serum and a second group of mice and a 
second marmoset were inoculated with a 20 per 
cent liver emulsion. This serum contained yellow 
fever antibodies and complement fixing antigen. 
Histological examination of liver sections revealed 
slight fatty degeneration and scattered necrotic 
parenchymal cells. 

Of the five mice inoculated with serum, two 
died and three were sick on the seventeenth day 
after injection. Passages from the brains of the 
sick mice confirmed the identity of the virus as 
that of yellow fever. Of the six mice injected 
with liver suspension, one died and two were 
ill on the seventeenth day; the remaining three 
showed no sign of illness. 

The marmoset injected with serum circulated 
virus and became immune. It died, of extraneous 
causes, 27 days after injection. The marmoset 
receiving the liver emulsion survived and became 
immune. No virus was demonstrable in its 
serum. 

Almada strain 2. Marmoset C was captured 
on August 10, in a cocoa plantation at Fazenda 
Almada. This plantation is continuous with the 
one belonging to the Fazenda Bomfim, and the 
capture of this marmoset was made only 500 meters 
from the point where Marmoset B had been cap- 
tured. The marmoset was received at the labor- 
atory in a weak condition and died while being 
bled. The gross pathology was suggestive of 
yellow fever infection. The serum gave a partial 
protection (3 /6) and contained complement fixing 
antigen. The pathological diagnosis was negative 
for yellow fever. A centrifuged supernatant from 
a 20 per cent emulsion of liver tissue was injected 


into mice. All five mice in the group became ill 
on the twelfth day, and tests with emulsions of 
their brains confirmed the diagnosis of yellow 
fever virus infection. 

Almada strain 3. Marmoset D was captured 
on August 13 in the same trap as was Marmoset 
C. It was received at the laboratory on August 
15, in poor physical condition, and died following 
bleeding. Again, the gross pathology was sugges- 
tive of yellow fever infection, and this was con- 
firmed by histopathological diagnosis. 

The supernatant from a 20 per cent liver sus- 
pension was injected into five mice. One died 
and four became ill on the eleventh day after 
injection. From the brains of the sick mice this 
strain of virus was established and identified. 

DISCUSSION 

It is of interest to note that this small epizootic 
was sharply delimited, both in timeand in location. 
All of the infected marmosets were captured 
between June 7 and August 13, although our 
investigations have extended over a period of 
more than one year. So far, 1,437 marmosets 
have been obtained and no additional strains of 
virus have been encountered. 

With regard to geographical distribution, all 
of the four infected marmosets were captured 
at points not more than 3 kilometers apart, in a 
locality at the extreme northern boundary of our 
study area. The latter is in the form of a rectangle 
with sides about 40 by 30 kilometers. 

The strains of virus obtained, as described above, 
exhibit some peculiarities in pathogenicity. The 
investigation of these viruses is under way in our 
central laboratory and will form the basis of a 
future communication. 

SUMMARY 

Yellow fever virus has been isolated on four 
occasions from wild marmosets, Callithrix peni - 
cillata, in a restricted locality situated in a region 
where 'jungle yellow fever is endemic. 
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'flii? subject. demnneR consideration from several 
points of view: 

I. The education of the present-day practising 
physician. 

II. The education of the present generation of 
medical students. 

III. The special training of the medical personnel 

of the fighting forces. 

IV. The education of future generations of 

medical students. 

V. The training of medical personnel for civilian 
service in tropical countries. 

Although there is some overlapping of interests, 
both the conditions that necessitate action and 
the action that should be taken under each of these 
headings arc different. It will, therefore, be 
best to consider each case separately. 

I. EDUCATION or THE PRESENT-DAY PRACTISING 
PHYSICIAN 

In the immediate future and for several years 
after the war, practising physicians in this country 
will certainly encounter many instances of tropical 
disease among returned personnel of the fighting 
forces and among civilians whom the war has 
taken into tropical countries. There is also a 
considerable danger that new infections and new 
strains of established infections may be introduced 
into this country by returning service and civilian 
personnel. Finally, the increase in volume and 
speed of traffic between this and tropical countries 
that is certain to follow the war will maintain this 
closer contact with tropical diseases and prolong 
indefinitely the danger from the introduction of 
new infections. 

The education of these practitioners is made 
necessary not only because tropical medicine is 
a rapidly advancing subject about which those 
doctors who have settled down to practice in this 
country will naturally not have kept themselves 
up-to-date, but because many of them probably 
went through their medical training without hear- 

1 Read at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, St. Louis, 
Mo., November 13-16, 1944. 


ing even the names of some of the tropical diseases 
that have become important today. This defect 
in medical education is the result of a parochial 
attitude towards the science of medicine that has 
hitherto prevailed; it is by no means peculiar to 
the United States; it is understandable in view’ of 
the rarity of tropical experience among those 
responsible for the medical schools’ curricula 
but it is none-the-lcss inexcusable. 

It will of course be out of the question to consider 
any extensive post-graduate education for the 
present generation of practitioners; their im- 
mediate needs can probably be best met by means 
of reviews and symposia in medical journals, 
lectures arranged through local medical societies, 
and short post-graduate courses. The aim of these 
post-graduate courses should be not to turn the 
practitioner into an expert in any particular 
tropical disease or group of diseases, but to give 
him an over-all picture of the subject. 

(a) to make him awxire of the existence of the 
more important tropical diseases and of the possi- 
bilities of their turning up in his practice, 

(b) to remind him of the methods of diagnosis 
that are available, but without necessarily 
instructing him in these methods, and 

(c) to outline the main methods by which such 
diseases are treated and controlled. 

Much has already been done in this matter 
and there is considerable awareness of the need 
for extending this education, so that I shall pass 
on to the next heading. 

II. T HE EDUCATION OF THE PRESENT GENERATION 
OF MEDICAL STUDENTS 

This is necessary for all the reasons given above, 
and also because the majority of these men will 
be going into the armed forces and will be liable 
to see service in the tropics. 

It is obvious that at short notice it is not possible 
to make the fundamental alterations in the curric- 
ulum that would remedy its defect in the most 
satisfactory u’ay, and the plans for meeting the 
emergency that were worked out by the Committee 
on the Teaching of Tropical Medicine in Under- 
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graduate Medical Schools of the U. S. were, in 
my opinion, (lie best that could have been formu- 
lated in the circumstance*. They have been 
extremely successful in practice, hut I believe 
that the members of this committee will agree 
that their plans were only n temporary expedient. 

Selected teachers from medical schools have 
received a two-months course of instruction in 
tropical medicine and parasitology at the Army 
Medical School at Washington and at Ttilane 
University, and a shorter course of field instruc- 
tion in a tropical country, namely, Central 
America, Despite shortage of stall and the diffi- 
culty of sparing their teachers, most of the schools 
in the country' have cooperated in this scheme and 
sent teachers for instruction. These teachers 
have organized and have themselves conducted 
lectures and clashes in tropical medicine and 
parasitology. The special classes have usually 
been dovetailed in with existing laboratory' and 
clinical classes and have seldom been presented 
courses of instruction. In addition, further to 
stimulate interest in the subject, visiting lecturers 
with actual experience in the tropics have been 
invited to deliver special lectures on tropical 
diseases at the medical schools throughout the 
country. 

The effect of this broadening of the outlook 
of medicine, which will be aided by the inevitable 
increase in instances of tropical diseases in the 
hospitals associated with these teaching institu- 
tions, will be felt for some years, but unless 
a new spirit is infused into medical thought and 
education as a whole, and permanent changes 
arc made in the curriculum, there will be a relapse 
into the pre-war state of indifference towards 
tropical diseases, until such time as wc arc jerked 
out of it by some incident similar to the one at 
Pearl Harbor on December 7th, 1941, 

ru. THE SPECIAL TRAINING OP THE MEDICAL 
PERSONNEL OF THE FIGHTING FORCES 

Training is required for selected members of 
the medical personnel of tire armed forces for 
special work in tropical fields in which they are 
likely to be operating; for example, in malariology 
in all its aspects, general protozoology, field and 
laboratory entomology, helminthology, mycology*, 
virology, and field sanitation in the tropics. This 
need not be discussed here as it is being well 
undertaken by the several services. 


IV. THE EDUCATION OF FUTURE GENERATIONS 
OF MEDICAL STUDENTS 

It has been suggested above that the present 
limited outlook in medical education is inexcusable, 
that the patchcd-up medical course which has 
served excellently to meet immediate requirements 
cannot be accepted as a final solution to this 
problem, and that a thorough revision of the 
curriculum is necessary. 

This criticism of the present attitude of medical 
faculties towards tropical infections is by no means 
directed at the faculties in this country*; the 
attitude is much the same in Great Britain and 
Canada, and even in India, where it is not only 
inexcusable, but incomprehensible, in view of the 
fact that the country is largely a tropical one. 
It is perhaps unfair to blame medical faculties. 
The present attitude of the medical profession as 
a whole towards medical science is far too fre- 
quently governed by immediate practical consider- 
ations, to the grave detriment of the science, as 
a science. 

The basic objective of medical science is the 
study of Man (genus Homo) and his reactions 
to environment, pamsiiization, and degenerative 
processes. These reactions when they reach 
a certain level of intensity are known as diseases. 
Wc should not be content to study only the diseases 
that are likely to occur in our own town and in the 
neighboring towns, in our own state and the 
surrounding ones, or even our own country*, nor 
those diseases that occurred yesterday and there- 
fore likely to occur today and tomorrow, but 
our interest should embrace diseases of all countries 
and all times, past, present and future. The 
parasites and the environmental factors may be 
different from place to place and from time to time, 
but the human organism is fundamentally the 
same throughout the world, and what is learnt 
from the reactions of Man to one pathogen will 
in innumerable ways be of value in studying his 
reactions to another. 

There arc many eminent internists and patholo- 
gists, who, while priding themselves on their 
knowledge of rare syndromes of which there may 
have been only a few dozen cases described in the 
world's medical literature, will shamelessly admit 
that they know nothing about such tropical 
diseases as cholera, sleeping sickness, kala-azar 
and schistosomiasis which with great regularity 
take their annual toll of tens of thousands of 
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victims. They will admit that their knowledge 
of malaria, a disease that affects a quarter of the 
inhabitants of the globe and causes more morbidity 
than any half dozen other diseases put together, 
is limited to a little rudimentary information 
regarding the periodicity of the fever and the 
specificity of quinine. 

There is of course always a place for the 
specialist, the man who after receiving a thorough 
basic trainingmakes a specialstudy of certain limi- 
ted aspects of disease, but how can the physician 
or the pathologist, who is teaching the new genera- 
tion the principles of the body’s reactions to 
parasitization afford to ignore those reactions that 
are produced by certain bacteria and viruses and 
by whole groups of parasites such as the protozoa 
and the helminths, on geographical considerations 
alone? From a purely scientific point of view, 
though admittedly not from a practical one, it 
would be as logical for him to say “This subject 
is too big to tackle as a whole, so we will stop at 
the letter R and omit all reference to diseases 
beginning with the letters S to Z”. 

No study can be considered complete without 
bringing forward all available evidence, and the 
evidence on the results of parasitization and 
specific malnutrition of the human organism is 
to be found abundantly in almost every tropical 
country; there are quantities of scientific treasure 
on or near the surface that are only waiting to be 
recognized and collected. 1 

You may perhaps ask, why then has it not been 
collected many years ago by the medical men who 
have spent the best parts of their lives in the 
tropics? It is perfectly true that many opportun- 
ities have been neglected, but workers in the tropics 
have not been idle during the last fifty years. 
Volumes could be written on the debt of ‘cos- 
mopolitan 5 to ‘tropical 5 medicine; three out- 
standing examples will suffice: (i) medical 
entomology, protozoology and helminthology, if 
they did not originate, at least graduated in the 
tropics, but are now being practised with almost 
equal effectiveness in temperate zones, (ii) all 
the early experimental work and the vast majority 
of the early triumphs in chemotherapy were in 
the treatment of tropical infections, and (iii) 
the study of the vitamins commenced in the 
tropics. 

The parasitologist has had his day; he has 
garnered considerable treasure and, although he 
has much work still to do, especially in mycology 


and virology, just as great opportunities for 
important original work today await the well- 
trained physiologist, biochemist, pathologist, and 
internist. Few such men have been attracted 
to the tropics, but those who have gone there, even 
on short tours, have been amply rewarded. 

The place of tropical diseases in the curriculum . 
The prospective medical student might well be 
introduced to systematic parasitology in his 
premcdical years; special attention could be paid 
to the groups that parasitize man. There should 
be no difficulty in introducing a broader 
programme of instruction in medical parasitology 
into the earlier years of the medical course; 
it has never been logical to choose bacteria out 
of all the parasites for special emphasis, and the 
bacteriology classes could be extended to include 
the study of other fungi, viruses, rickettsiae, 
protozoa and helminths, with considerable benefit 
to the interest of the course. 

As our knowledge on the immunology and 
pathology of protozoal and helminthic infections 
is less standardized, these subjects will present 
greater difficulties, but a beginning could be made 
and the obvious lacunae in our knowledge might 
be emphasized in order to stimulate research. 

The clinical aspects of tropical diseases, both 
parasitic and dietetic, should certainly take their 
place in the general medical classes, and, while 
it would perhaps be permissible for a time to 
assign some of the teaching on tropical diseases to 
a member of the staff who had had tropical ex- 
perience or who had made a special study of these 
diseases, any real segregation of the subject should 
be avoided, and other members of the staff should 
endeavour at least to conceal their ignorance. 

Teachers of internal medicine will usually raise 
the objection that clinical material is not available 
for teaching of tropical medicine. However, it 
must be remembered that there are cosmopolitan 
diseases about which the student has to be taught 
without the aid of clinical material, and admittedly 
many tropical diseases will have to be added to this 
list. Much can be done by means of latem slides, 
particularly coloured slides, and the moving picture 
to make these diseases, and the conditions under 
which they occur, more real to the medical student. 
The provision of such material by the Army 
Medical Museum has been of the greatest help to 
medical schools, but there should be some civilian 
organization to continue and extend this service. 

Finally, the eminent!}' preventable nature of 
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most tropical diseases should make them welcome 
to the teacher of preventive medicine to demon- 
strate what can be and has been done in the way 
of controlling disease. 

In the course of a generation of medical students, 
this should break down the purely artificial 
barrier that exists today between tropical and 
> temperate medicine; it will certainly greatly 
benefit the study of so-called tropical diseases, 
but almost as certainly it will have very valuable 
repercussions on the study of cosmopolitan 
diseases. 

V. THE TRAINING OE MEDICAL PERSONNEL TOR 
CIVILIAN SERVICE W THE TROPICS 

The need for a school of tropical medicine . The 
need for such a school in this country has been 
felt for some time, but will be far greater in the 
near future. Beyond the officers of the Rocke- 
feller Foundation, a fairly large number of medical 
missionaries, and the medical officers of a few 
r industrial and commercial concerns, such as the 
United Fruit Company, the Standard Oil Company 
and the Pan-American Airways, very few medical 
men have sought civilian employment in foreign 
countries. 

The war will undoubtedly lead to more foreign 
enterprise on the part of the industrial and com- 
mercial interests in the United States, and, as the 
natural resources of this country begin to approach 
exhaustion, this tendency will increase. This 
change will be aided very considerably by the 
vastly improved travel facilities that will follow 
the war. Americans, who have hitherto hesitated 
to cut themselves off from their homes and families 
for long periods, will take foreign appointments 
much more readily when they know that they can 
fly home within 60 hours from any country in the 
world, and, in fact not an unimportant part of 
foreign medical work will actually be in connection 
with the numerous airdromes with which the 
world will be dotted. 

The importance of properly trained personnel. It 
will be very necessary to take active measures 
to impress upon those responsible for new indus- 
trial und commercial enterprises the great 
importance, from a financial as well as a humani- 
tarian point of view, of guarding the health of 
their employees, both the natives of the country 
and American overseers and their families, and to 
emphasize the fact that this can only be done 
satisfactorily by employing medical men especially 
trained for this work. 


Mistakes of the past. Although there have been 
for many years, two good schools of tropical 
medicine in Great Britain, until recently most 
British industrial concerns recruited any physically 
and temperimentally suited medical man who was 
willing to go out to the tropics, without demanding 
that he should have any special training or trop- 
ical experience. These men had to learn their 
tropical medicine the hard way, from their similarly 
untrained senior colleagues, from unguided prac- 
tical experience, and from books, which often 
appeared to them to be very misleading. 

In such circumstances, the majority, either 
finding a great disparity between precept and 
practice and failing to see the significance and 
opportunities of practice in the tropics, became 
discouraged and resigned their appointments, or 
they developed an unhealthy scepticism towards 
medical science, and, taking all possible short 
cuts in the treatment of their patients, resigned 
themselves to a life of comparative ease. Others 
have of course been able to carve out a course for 
themselves despite the disadvantages, and have 
made notable contributions to medical science. 

Further, the medical officer frequently found 
himself isolated from medical colleagues and at 
a great disadvantage with the manager of the 
industrial concern, who during his long sendee 
in the tropics had often acquired a surprising, 
if superficial, knowledge of tropical medical prac- 
tice. Under these conditions, a medical officer 
had great difficulty in recovering his moral ascen- 
dency over his lay colleague, so that later he found 
it impossible to impress upon him the necessity 
for adopting any new sanitary measures which he 
himself might consider were indicated. Local 
managers usually tended to oppose change, espe- 
cially that involving expenditure, and they there- 
fore generally favoured an easy-going attitude in 
the medical officer. 

There has however been a considerable change 
in recent years and in man}' instances the head- 
quarters directorates of tropical industrial and 
commercial concerns in Great Britain have appre- 
ciated the advantage of employing trained men and 
of adopting the suggestions of these men, not 
only for the immediate improvement in health 
of their employees, but for long-term health 
policies. The intelligent medical officer will 
usually appreciate the fact that wherever he goes he 
has still much to learn regarding special local 
conditions, but a thorough basic training in 
tropical medicine will give him the self-confidence 
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that will enable him to take advantage of the 
valuable local knowledge of his non-medical 
colleagues without losing his self-respect. 

Other prospective candidates . Missionary organ- 
izations have usually realized the necessity for 
giving their medical officers special training and 
have sent their personnel to take appropriate 
courses wherever these were obtainable 2 . It 
is certain that these organizations would welcome 
the opportunity of sending their medical men and 
women to take a comprehensive course of tropical 
medicine in the United States. 

1 do not propose to give a long list of the classes 
of individuals who will be interested in a course 
of tropical medicine, but perhaps foreign visitors 
from tropical countries, especially Central and 
South American countries, should be mentioned 
as likely to seek admission to such courses. For 
both political and commercial reasons these will 
undoubtedly be welcome. 

The syllabus 

There has been a tendency in the past to consider 
that the only special training necessary to prepare 
a man for practice in the tropics is a course of 
parasitology with perhaps a little field malariology 
thrown in. This is a narrow and out-dated point 
of view, but it is a firmly established one that will 
die hard. The place of parasitology in tropical 
medicine is an important one, but it must not be 
allowed to dominate the course, and as the general 
standard of undergraduate teaching in parasitology 
improves it may be possible to reduce this part 
of the course. 

The syllabus should include as a minimum the 
the following subjects: 

(i) Climatology and the geography of the tropics 
including some geology, simple data regarding 
rainfall of representative tropical areas, and the 
effect of the telluric and climatic factors on ‘staples 5 
and other food supplies, and in a general way on 
the distribution of disease. 

(ii) Ethnological studies of the peoples in differ- 
ent tropical countries, with some references to their 
specific immunity and susceptibility to certain 
infections. 

(iii) Economics of certain selected tropical 
countries, with special reference to the current 
standard of living of the population and the 
possibilities of improving this by non-medical, 

2 Several American medical missionaries have taken 
the course at the Calcutta School of Tropical Medicine. 


e.g. irrigation and agricultural development, as 
well as by medical measures, and to the extent 
to which the country can afford to meet the initial 
and recurring costs of sanitary Improvement. 
This might also be applied to comparatively rich 
industrial undertakings, e.g. mines and plantations 
within these same countries, and contrasts made. 

(iv) Medical organization in tropical countries. 
Orientation on the types of organization for 
medical relief and prevention existant in represent- 
ative tropical countries. 

Public health in the tropics 

(v) Vital statistics , and mortality and morbidity 
data. The methods of collecting these and their 
relative value in tropical countries. 

(vi) Medical records . Methods of case re- 
cording, making sickness returns, and the collection 
of other data under tropical conditions. 

(vii) Simple statistical methods and ways of 
appraising the collected data. 

(via) Education and propaganda . The possi- 
bilities of these as instruments of the public health 
worker in populations of different grades of educa- 
tion and educability. 

(ix) Housings hospital construction , sanitation , 
and water supplies and malarial engineering , in 
selected tropical countries. 

(x) Measures for mitigating the effects of licai , 
and the maintenance of health in the tropics . 

(xi) Epidemiology , generally and with special 
reference to certain selected tropical diseases. 

(xii) Special measures of disease control , Gen- 
eral discussion on specific treatment, animal 
reservoir destruction, vector destruction and 
vaccination, as measures of control. 

(xiii) Physiology of hot climates, including the 
symptomatology and treatment of all conditions 
due directly to the effects of a hot climate, e.g. 
heat stroke. 

(xiv) Nutrition. Nutritional requirements of 
different population groups in the tropics. Trop- 
ical dietaries in representative selected areas. 
Common deficiency states and diseases of dietary 
origin (or apparently of dietary origin), e.g. 
sprue, beri-beri, pellagra, epidemic dropsy, that 
are common in the tropics. 

(xv) Zoology. Classifications and general des- 
cription of morphology and habits of the commoner 
animal reservoirs of infection of tropical diseases. 

(xvi) Entomology. Classifications and general 
description of the morphology and ecology of 
vectors of pathogenic organisms, of filth flies, 
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and of insect pests, the identification of the impor- 
tant mosquito genera, and the use of “keys” for 
identifying larvae and adults of anophcline species. 

(xvii) Parasitology , including the study of hel- 
minths , protozoa f rickcttsiacj spirocJtaelcsf bacteria 
and other fungi , and viruses. This should cover 
classification, morphology and life cycles of impor- 
tant pathogenic genera and, in some instances, 
selected species, the host-parasite relationships 
and the immunological reactions of man with 
reference to the various groups of parasites, 
methods of identification of the commoner patho- 
genic species and diagnostic procedures. 

This course should consist of lectures, demon- 
strations, and practical exercises. Special 
emphasis should naturally be given to the com- 
moner species that arc usually classed as tropical, 
e.g. to hookworms amongst the helminths, to 
the malaria parasites and the pathogenic amoebae 
amongst the protozoa, and to the dysentery 
organisms amongst the bacteria. The rarer 
helminths and fungi should be treated in groups, 
and as this is to be a post-graduate course , if 
should be possible to assume that the candidates 
know at least the elements of bacteriology. 

(xviii) Herpetology . Including shorter refer- 
ences to other venomous animals. 

(xix) Pathology. This should be both human 
and comparative. The wild reservoirs of infection 
and laboratory animals will form the main subjects 
for the latter. (Teachers will at first be hampered 
by shortage of material and data, as this aspect 
of tropical medicine has been grossly neglected). 

(xx) Haematology , cluneal laboratory tests arid 
biochemistry . This subject will have to be strictly 
limited, but there are certain special investigations 
that are more commonly used in the tropics. 

(xxi) Pharmacology and therapeutics. Pharma- 
cological research on drugs of established value, 
and on new drugs in the experimental stages 
will be an important function of the school, and 
some instruction in methods could appropriately 
and easily be given. The teaching on therapeutics 
should be general and apply mainly to groups of 
specifics; it should include discussions on the 
mode of action of these drugs, mass treatment 
and drug prophylaxis. 

(xxii) Tropical medicine. This should consist 
of correlating lectures on individual diseases , in 
which the disease is reviewed as a whole. These 
should include history, aetiology, epidemiology 
and prevention, pathology, symptomatology, diag- 
nosis, treatment, and prognosis, but with special 


emphasis on the clinical aspects. It will be 
essential that the lecturer is fully conversant with 
the teaching of other departments', in order that 
he may correlate this but avoid unnecessary 
repetition. 

(xxiii) Clinical teaching , whenever material is 
available. In the post-graduate teaching of 
tropical medicine, clinical instruction on actual 
cases in the wards is very important, but, except 
with reference to certain diseases such as leprosy, 
its value is to a large extent psychological. It 
should not be necessary to teach the post-graduate 
student how to take case notes and examine a 
patient. The patient in hospital in a temperate 
country often presents a very different clinical 
picture from a patient with the same disease in 
his home in the tropics, so that by presenting 
such a case a very poor visual impression of a 
disease is often created. Nevertheless, to have 
seen a patient with a disease, however atypical 
it may have been, gives the student something 
concrete that will stimulate greatly his interest 
in that disease and add reality to his subsequent 
reading on the subject. There is however another 
side to 'this and there are times when the patient 
chosen as the subject is so far removed from the 
real thing that the situation becomes both ludicrous 
and misleading; such an example was a clinic 
given by a London physician on hookworm 
disease by the bedside of an Indian lascar (sailor), 
convalescent from malaria, who happened to pass 
a few hookworm eggs. On balance, a “dry” 
clinic by a physician who has had experience 
of the disease in the tropics is infinitely preferable 
to a “wet” clinic given by a stay-at-home physician 
who has seen only a few similar cases in his own 
hospital. 

(xxiv) Tropical skin diseases . 

(xxv) Surgery in the tropics and special surgical 
procedures for tropical conditions. 

(xxvi) Obstetrics and special problems presented 
by women in the tropics. 

(xxvii) Tuberculosis in the tropics. 

(xxviii) Venereal diseases in the tropics . 

(xxix) Psychiatry in the tropics. The study of 
so-called tropical neurasthenia, and discussions 
on the incidence of various psychiatric conditions 
in natives of tropical countries and the facilities 
for treatment and control of patients. 

(xxx) Special lectures on the blanks and hiatuses 
in our knowledge of tropical diseases. 

(xxxi) Nursing in tropical countries and the 
training of native personnel. 
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(xxxii) Medical administration in the tropics , 
with special reference to the obtaining and care of 
stores and equipment. 

It will be obvious that the amount of time to 
be devoted to each of these subjects will be differ- 
ent; it should vary from, say, 20 to 30 per cent of 
the total time allotted for the whole course to 
parasitology and about 20 per cent to tropical 
medicine and clinical instruction, to, say, 1 to 
2 per cent to such subjects as climatology. 

The course should be made comprehensive in 
so far as tropical diseases and disease-producing 
parasites are concerned, but there are several 
subjects, principally those under the heading 
'public health*, in which it will be necessary to 
select a few representative tropical areas for dis- 
cussion, partly on account of the time factor, and 
partly because data for many areas will not be 
available, at least at first. Although much of the 
data presented may be of little practical value 
to a doctor going to quite a different tropical 
environment, it will make him relaize the value of 
such data and encourage him to collect it in his 
own locality. It should be the aim of teachers 
to complete their data for as many areas as possi- 
ble, as time goes on, perhaps with the help of their 
students, with all of whom they should endeavour 
to maintain touch, so that in time the school will 
be recognized as a source of reference on such 
matters. 

A course of 8 or 9 months with about 1,000 
hours of instruction would be appropriate. 

Slojf 

Such a wide range of subjects could only be 
taught satisfactorily in a large university. It 
will almost certainly be found advisable to seek 
the assistance of members of the university out- 
side the medical faculty for some of the subjects. 

It will be necessary to have certain independent 
departments of the school of tropical medicine, 
some of whose members should be available to 
take part in the undergraduate teaching in the 
medical school also, but for the rest the tendency 
should be to attach special assistants to the 
existing department of the medical school rather 
than to start innumerable separate departments in 
the school of tropical medicine. This would have 
the double effect of economy and the stimulation 
in these departments of interest in tropical medi- 
cine, These men(or women) whenever they are 
at headquarters would take up the ordinary work 
of the department as well as their special subjects, 


but they should not be tied down and should be 
free to do field work in the tropics when 
opportunity arises. 

TheJull-time staff should include: 

A professor of tropical medicine (with tropical 
experience) and at least two assistant professors; 
any of these could take part in the teaching of 
tropical subjects in the undergraduate course of 
the medical school. 

A professor of public health (with tropical 
experience) and one or two assistants who could 
take care of all the subjects under the heading of 
public health. 

A professor of parasitology (preferably an 
M.D. with tropical experience) and two or three 
assistants (who could be Ph.D's), preferably 
specialists in different subjects, but with sufficient 
knowledge of the other subjects to be able to 
take over the teaching of these if necessary. These 
staff members should help in the teaching of the 
undergraduate students. 

A medical entomologist (with tropical expe- 
rience) and an assistant. Either one should be 
able to undertake the teaching with the aid of a 
technician, so that the other could be free to carry 
out field work. This department might also 
undertake instruction in Zoology. 

An epidemiologist and medical statistician, 
who should work with both the professor of public 
health and the entomologist. 

A biochemist who could work partly, but not 
solely, on nutritional problems. 

There should be one full-time member of the 
staff with experience in an industrial concern in 
the tropics, and another should be a woman doctor 
(M.D.) with tropical experience, as there are 
problems, not only in obstetrics, but in nutrition, 
education and propaganda, housing, psychiatry 
and general sociology on which a woman's point 
of view is necessary. 

The instruction in pathology should be under- 
taken by the pathological department of the 
medical school, but they should have two assist- 
ants especially for this work, one for teaching 
and the other for field work, interchangeably. 

The pharmacology department of the school 
should similarly be strengthened by one or two 
special assistants who would also undertake re- 
search work. 

Instruction in nutrition, tuberculosis, skin 
diseases, venereal diseases, surgery, obstetrics, and 
psychiatry should be undertaken by the appro- 
priate departments of the medical school, but in 
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each case an assistant should be attached for 
special study; these lectures could be given within 
a short period during the course, leaving the 
assistant free at other times for tropical field work. 

Physiology should be taught by that department 
of the medical school, but special studies of the 
physiology of warm climates should be made. 

This leaves several other minor subjects to be 
taken up by other members of the faculty com* 
petent to teach these subjects. 

In all instances, the members of the staff should 
have spare time to devote to research work at 
headquarters, and should not be tied for the whole 
year, in order that they might periodically visit 
and carry out Investigations in tropical countries. 
Perhaps also it would be possible to arrange 
exchanges of personnel with institutions in tropical 
coutries, e.g. China, Java, India or tropical 
America, but it would not be advisable to become 
committed to support a permanent institution 
in any one country, as this would tend to limit 
the interests of the staff to the diseases in this 
one country and would thus defeat one of the main 
objects of the school. The school might also 
maintain a close liaison with some organization 
that is undertaking antimalariai work in this 
country, for field*training of their students. 

Training of other medical personnel . While the 
principle work of the school should be the training 
of medical men and women, an important side-line 
should be the training of malaria field-workers, 
sanitary engineers, technicians, and nurses for 
service in the tropics. Candidates for these 
courses should be men and women of a high 
standard of education and they should be taught 
with the idea that their main work will be the 
teaching of native personnel. 

The number and location of the schools in the 


Untied States . While I feel convinced that the 
medical school in any university that establishes 
a school of tropical medicine within its walls will 
be immeasurably benefitted, I consider that in the 
first instance only two or at most three such 
schools should be opened in the United States. 

The actual location of the school (or schools) 
should be governed by the size and importance of 
the teaching institution with wrhich it w r ould be 
associated, and the availability of clinical material, 
in that order. 

The diversity of the subjects to be taught and 
the help that will be required from other members 
of the staff of the university make it imperative 
that it should be a large one, and the special 
studies that will have to be undertaken make it 
necessary that the members of the staff should 
have plenty of spare time and liberal funds for 
research work. 

The extreme importance of clinical teaching 
cannot be overemphasized, and for that reason 
the school should be located near a large port, 
but the fact remains that, even if one could 
organize a mobile school of tropical medicine and 
travel around the world, there would still be 
many diseases about which the student would have 
to learn solely from lectures and demonstrations. 
In any stationary school even in the tropics, one 
can never hope to show more than, say, a third of 
the diseases on which instruction will have to be 
given. Important though it is, availability of 
clinical material should not therefore be allowed 
to outweigh all other considerations. 

I would like to make one final suggestion — that 
when the first tropical school is established in the 
United States, the motto of the school should be 
“Unus Mundus et unus Homo” — One World and 
one Man. 
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INTRODUCTION 

The purpose of this paper is to describe observa- 
tions made during a study of experimental infection 
and treatment of mice with histoplasmosis. 

Histoplasmosis, a fatal fungous disease, is 
being recognized in an ever-increasing number of 
cases. The disease is characterized clinically by 
a low grade, irregular pyrexia, splenomegaly, 
hepatomegaly and iymphadenopathy . Anemia 
and leukopenia are observed in most cases. Ulcer- 
ated granulomatous lesions of skin, oral mucous 
membranes, pharynx and gastrointestinal tract 
occur. These organs and tissues are seldom 
affected uniformly. The disease may be localized 
or generalized. Signs and symptoms are related 
to the organ system involved. The disease may 
last from a few weeks to many years. Regardless 
of the time interval, the fungus develops until 
death intervenes. Table 1 demonstrates the wide 
variety of clinical and pathologic lesions observed. 

The etiologic agent is a cultivable fungus, 
Histoplasma capsulatum. The organism produces 
yeast-like bodies during the parasitic phase of 
its life cycle. It exists in tissues as small, oval 
yeast-like bodies, measuring 3-3.5 micra in diam- 
eter. Each cell is surrounded by a clear, 
nonstaining membrane, or “halo”. In prepara- 
tions stained with hematoxylin and cosin the 
nucleus usually appears as a peripheral, pink 
stained crescent shaped mass. The yeast-like 
form will persist on sealed blood agar slants at 
37°C. The mycelial form of the fungus develops 
from vcast-likc cells when they are transferred to 
a simple sugar containing agar medium and kept 
at room temperature. This form develops by 
elongation of yeast cells, the hyphac soon becoming 
septate. 

Clinically, many forms of treatment have been 

1 The data presented arc taken from a thesis submitted 

to the Faculty of tire Graduate School of the Medical 

College of Virginia in partial fulfillment of the require- 

ment for the degree of Master of Science. 

5 Fellow in the division of Graduate Study, Medical 
College of Virginia, School of Dentistry. 


tried, unsuccessfully. These include fuadin, neo- 
stam, sodium iodide, neoarsphenamine, bismuth, 
pentnucleotide and liver extract, sulfanilamide, 
atabrine, prontylin, potassium arsenite, quinine, 
vitamins, sulfathiazole, sulfapyridine, emetine, 
sulfarsenal, and others (1). The disease has been 
produced experimentally and studied in animals, 
especially the white mouse (2,3). No attempt at 
chemotherapy in animals has been reported. 

Reid et al. (4) had the opportunity to study, at 
the Medical College of Virginia, a case of histo- 
plasmosis which terminated in the death of the 
patient. The organisms used in this work were 
obtained from this source. 

One hundred and forty-five mice were injected 
intravenously with the fungus, Histoplasma cap - 
sulalum , and treatment was started within twenty- 
four hours after this injection. 

Eight drugs were used in this study; sodium 
iodide, neostam, fuadin, sulfanilamide, proflavin, 
thymol, B-9, 3 * 5 and sodium propionate. The results 
indicated that none of these drugs arc useful in 
the treatment of histoplasmosis in mice. 

REVIEW OF LITERATURE 
The disease in man 

The literature on histoplasmosis in the human 
has been adequately reviewed by Moore and Jor- 
stad (1) and Mclcncy (5). Table 1 summarizes 
the available reports. 

The disease in animals 

The only case of a natural infection in animals 
was reported by DeMonbrcun (6). This occurred 
in a three year old, male Boston Bull terrier. A 
biopsy of the liver revealed yeast-like parasites 
in Kupffer cells and macrophages in lesions in- 
volving the portal a rva? . A ten ta t i vc d iagnosis o f 
Histoplasmosis was made. 

The autopsy diagnosis was: Hfctoplasmir*:?, 
involving liver, spleen, mesenteric lyrr.phnodt% 
peritoneum, gastrointestinal tract, lung-, heart 

5 B-9 is an organic iodide prepared by Dr. Berger, 
PcpL of Chemistry, University of Virrdr.u. 
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Summary of case reports available in the literature on histoplasmosis 
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X 

X 

X 


X 

X 

X 

X 

Ear 

Han smarm (23)* 

Iowa 

43 

M 

; mite 

X 

X 

X 

X I 


X 

X 




Ear 

Agress (24)* 

Missouri 

0.18 

M 

White 


X 

X 

X 

X 


X 

X 


X 


Amolsch (25)* 

Michigan 

l 0.68 

» 

White 





X 


X 

X 

] Smear, no autopsy 

ShaSer (26)* 

Virginia 

1 

F 1 

White 

X 


X 

X 

X 


X 

X 




Negroni (27) 

Argentina 

40 

M 

White 


X 

X 

X 







Pancreas, kidney 

Clemens (28)* 

Kentucky 

33 

F 

Negro 


X 

X 

X 

X 

X 


X 

X 

< 

Gunter (29)* 

Alabama 

54 

F 1 

White 1 



X 

X 

X 







Humphrey (14) 

Michigan 

17 

M i 

White 


X 

X 

X 

X 


X 





Humphreyt 

Michigan 

46 

M i 

mite 

"Generalized” 








Williams (30)* 

Tennessee 

56 

3-1 

White 


x i 










Parsons! 

Michigan 

67 

M 1 

White 


I 










Willert 

Ohio 

12 

M 

White 

"Generalized” 


1 

i 





Foriy’t 

Indiana 

10 

SI 

White 

"Generalized” 






1 


Martin*! 

California 

43 

F 

mite 



X 

X 


X 






Currie! 

Indiana 

62 

M 

White 



1 



X 


1 

1 




Vilella*! 

Brazil 

3 

F 

Mulatto 

"Generalized” 




! 




Meleney (33) 

Tennessee 

50 

hi 

White 



X 







1 


Meleney (33) 

Tennessee 

69 

hi 

White 

j 


X 





1 




Blache*! 

Missouri 

33 

hi 

Negro 

| 


X 








Pancreas, kidney 

Reid (4)* • 

Virginia 

38 

hi 

Negro 

! 


X 

X 

X 


X 

X 

X 


Mantell*! . 

Florida 

42 

hi 

White 

! 

X 

X 

X 

X 


X 

; x 

X 


Kidney 

Wright (36)* 

Maryland 

I 59 

hi 

White 



X 

X 

X 


X 



1 


Almeida (37)* 

Brazil 

I 



X 


X 

X 

X 


X 



l 


Brown (38)* 

Texas 

4S 

hi 

White 


X 

X 

X 






i 

Ear, kidney 

Anderson (39)* 

Tennessee 

0.6S 

F 

■White 

X 


X 

X 

! x 


X 

1 x 

1 X 


Balina (40)* 

Argentina 

33 

hi 

White 

X 

X 

X 

X 

i X 


X 

1 


1 


Simson (41)* 

Cape Province, 

55 

hi 

White 


X 


§ 



1 § 






Africa 






i 









Dean (42) 

Missouri 

41 

hi 

White 

, X 

X 

I x 









Van Perois (43) 

Illinois 

65 

hi 

White 


X 

X 

X 

X 

X 

X 





Moore (1)* 

Missouri 

67 

hi 

White 


X 

(no autopsy) 






Sherwin! 

Missouri 

71 

hi 

White 


1 3 

(no autopsy) 






Parsons! 

Michigan 

25 

F 

White 

X 

X 

(no aut 

Opsy, 

} 






Parsons! 

Michigan 

49 

hi 

White 


X 









Penis, kidney 
Kidney 

Palmer (18)* 

Michigan 

45 

hi 

White 


: x 

X 


X 

X 


X 



Broders (47)* 

Minnesota 

47 

hi 

White 




X 

X 






Pancreas, kidney 

Rhodes (48) 

German (49)* 

Ohio 

Ohio 

0.25 

0.43 

F 

hi 

White- 

White 

X 


X 

X 

X 

X 

X 

X 


X 

X 


X 

Thymus, kidney 

Burden*! 

New York 

68 

hi 

White 


X 




X 

X 



X 

Parotid, kidney 

Dominguez*! 

Ohio 

53 

hi 

White 


X 

X 

X 

X 






Knee jt. 

Key (7)* 

Missouri 

47 

hi 

White 



X 





X 



Tonsil 

Derry (44) 

England 

30 

hi 

White 







X 



Kidney 

Henderson (45) 

Michigan 

70 ! 

M 

White 



X 

X 

X 


X 




Kidney 

Hild (46) 

Texas 

0.43 ' 

F 

White 

X 

1 

X 

X 

X 

X 



x 


Scott (35) 

Kentucky 

1.25 ' 

hi 1 

Negro 


1 

X 

X 

X 


X 

X 

X 


Kidney 

Thomas (34) 

N. Carolina 

44 

M i 

White 



X 

X 

X 

X 

X 




Boltjes (32) 

Kansas 

42 

hi i 

White 


1 * 




X 







* Senior author, 

t By Meleney (5). 

% By Moore and Jorstad (1). 

§ Palpable. 
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and meninges. The organism, Histoplasma cap - 
sidalum, was recovered from the blood drawn from 
the dog the day previous to his death, and from 
the ascitic fluid, liver and spleen tissue taken at 
autopsy. The media from which this isolation 
was made was infusion broth (pH 7.2), potato- 
dextrose agar (pH 6.5), 10% rabbit blood agar, 
and N.N.N. medium. 

DeMonbreun transmitted the disease to dogs 
and puppies by feeding them cultures of the fungus. 
He was also able to infect puppies by injecting 
a saline suspension of organisms intraperitoneally. 
In all cases, lesions similar to those described in 
the “natural” infection were found. 

Tager and Liebow (3) made a study of induced 
infection in mice with Histoplasma capsulatum. 
They were able to produce the infection by intru- 
peritoneal injection of the mycelial form of the 
fungus. Except for failure to produce granulom- 
atous lesions, the pathologic changes were 
analogous to those found in man. There was 
hyperplasia of the reticulo-endothelial system, the 
cells containing large numbers of the yeast form 
of the organism. The spleen and liver were 
enlarged, but there was no fluid in the peritoneal 
or pleural cavities. 

Parsons (2) found that the intravenous injection 
of the mycelial form usually resulted in generalized 
and fatal histoplasmosis. The intravenous in- 
jection of the yeast form, however, regularly 
resulted in generalized and fatal histoplasmosis. 
Typical reticulo-endothelial hyperplasia with en- 
largement of the liver and spleen was noted, and 
the organisms were always found within the 
endothelial macrophages. 

METHODS 

Animals. The white mice used in this study 
were between the ages of 6 and 8 weeks. 

Orgajiism . The strain of Histoplasma cap- 
sitlaium was obtained from Dr. J. D. Reid. The 
culture had been isolated from a patient in 1939. 
Stock cultures were maintained on Sabouraud’s 
dextrose agar at room temperatures. They were 
transferred at intervals of 14 days. The growth 
was always cottony and white, and the underside 
of the growth never became dark before transfers 
were made. 

The organism, when transferred to blood agar 
slants, sealed with paraffin and incubated at 37°C., 
developed as a mixture of the yeast-like and 
mycelial form. The growth always appeared as 
smooth, glistening, pale brown tenacious colonies. 


A 7 day growth from these slants was ground 
in a mortar with sand and physiologic saline 
solution. The suspension was so prepared as to 
correspond in density to a number IV McFarland 
barium sulfate standard. This suspension was 
used immediately for inoculation. 

Drugs. The drugs used were: sodium iodide; 
sulfanilamide; fuadin; neostam; proflavin; thy- 
mol; B-9 and sodium propionate. They were 
administered as sterile solutions by intraperitoneal 
route. 

EXPERIMENTAL PROCEDURES 

The general procedure was to inoculate young 
white mice intravenously with 0.2 cc. of a saline 
suspension of the organism. After inoculation 
they were divided into equal groups, and weighed. 
All groups were treated, except one, which was 
kept as a control. Treatment was started approx- 
imately 24 hours after inoculation. Six experi- 
ments were performed. 

All mice in experiment I and II died between 
the 12th and 16th day after infection. Those in 
experiment III, IV, V and VI were sacrificed after 
10 days of treatment. The liver and spleen of 
each mouse was cultured on Sabouraud’s dextrose 
agar. Autopsies were performed, and sections for 
histologic examination were taken from liver, 
spleen, kidney, lung, testicle, large intestine, 
small intestine, head and tongue. 

Experiment I . Twelve mice, 8 weeks old, 
average weight 18 grams (maximum 22.2; mini- 
mum 14.0), were injected intravenously with the 
suspension of Histoplasma capsulatum. The mice 
were then divided into 2 groups of 6 each. Group 
la received 1.8 mm. of Nal every 24 hours intra- 
peritoneally. Group lb received no treatment. 
Table 2 shows the weight of the individual animal 
at the beginning of the experiment, at 9 days after 
they were infected, and at death. From this 
table the duration of the infection can be deter- 
mined. 

Experiment II. Thirty-three mice 7 weeks 
old (average weight 16.0 grams) were injected 
intravenously with a suspension of the organisms. 
They were then divided into 3 groups. Group 
Ha (10 mice) received 0.25 cc. of 0.8% solution 
of sulfanilamide in saline intraperitoneally three 
times a day. Group lib (10 mice) received 
0.25 cc. of 1.6 Fuadin 4 intraperitoneally once a 
day. Group lie (13 mice) were not treated. 

4 1 cc. Fuadin (Winthrop) plus 5 cc. sterile water. 
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Experiment III . Thirty white mice 6 weeks old 
(average weight 18 grams) were injected intra- 
venously with the suspension of Eistoplasma 
capsulalum . They were then divided into 2 groups 
of 15 mice each. Group Ilia received 0.2 mgm. 
of neostam intraperitoneally daily for 10 days. 
Group Illb received no treatment. 

Experiment IV. Thirty mice 6 weeks old 
(average weight 16 grams) were injected intraven- 
ously with 0.2 cc. of a suspension of the organisms. 
They were then divided into 3 groups of 10 mice 
each. Group IVa received 0.05 mgm. of proflavin 
intraperitoneally daily for 10 days. Group IVb 
received 1 mgm. of thymol in olive oil intraperi- 


TABLE 2 


MOUSE 

WEIGHT 

WHEN 

INJECTED, 

10/29 

WEIGHT 

9 DAYS 
AFTER 
INJECTION. 

n/7 

AUTOPSY 

Weight 

Date 

Iai 

18.0 

20.8 

20.0 

11/12 

Ia2 

20.7 

15.7 

15.5 

11/10 

la, 

19.5 

21.0 

20.0 

11/12 

la. 

17.0 

16.9 

16.5 

11/12 

la. 

21.6 

19.0 

18.3 

11/12 

la. 

14.0 

17.5 

17.5 

11/12 

lb, 

22.2 1 

25.7 

23.2 

11/10 

Ib, 

15. S 

16.9 

14.0 

11/11 

lb. 

16.5 1 

15.9 

— 

11/11 

Ib, 

20.0 1 

22.0 

22.2 

11/10 

lb. 

17.5 

19.8 

19.6 

11/10 

Tbs 

20.2 ! 

21.0 

21.0 

11/11 


This table shows the weight in grams of each mouse 
in group I at the time of injection, 9 days after injec- 
tion, and the weight and date at the time of autopsy. 
The infection in this group was allowed to run its 
course. 

toneally daily for 10 days. Group IVc received no 
treatment. 

Experiment V. Twenty mice 6 weeks old 
(average weight 16 grams) were injected intra- 
venously with 0.2 cc. of a suspension of Eisto- 
plasma capsulalum . They were divided into 2 
equal groups. Group Va received 1 mgm. of 
“B-9” intraperitoneally daily for 1 1 days. Group 
Vb received no treatment. 

Experiment VI. Twenty mice 6 weeks old 
(average weight 15 grams) were injected intra- 
venously with 0.2 cc. of a suspension of Eisto- 
plasma capsulalum. They were divided into 2 
equal groups. Group Via received 1.5 mgm. of 


sodium propionate intraperitoneally daily for 10 
days. Group VIb received no drug. 

Cultures from the livers and spleen of all mice 
were positive for Eistoplasma capsulalum . The 
control mice, as well as the treated mice, were 
infected at the termination of an experiment. 


TABLE 3 


CROUP 

NUMBER 
OF MICE 

DRUG AND DOSAGE USED 

RESULTS 

la 

6 

1 .8 mg. Na I every 24 hrs. 

All in- 
fected 

Ib 

6 

None 

All in- 
fected 

Ha 

10 

0.25 cc. of 0.8% sulfanil- 

All in- 

- 


amide three times a day 

fected 

nb 

10 

0.25 cc. of 1:6 Fuadin 

All in- 


j 

every 24 hours 

fected 

He 

i 

i 

i 

13 

None 

All in- 
fected 

flla 

15 

1 

0.2 neostam every 24 
hours 

All in- 
fected 

nib 

15 

None 

All in- 
fected 

IVa 

10 

0.05 mgm. proflavin every 
24 hours 

All in- 
fected 

IVb 

10 

1 mgm. thymol in olive 
oil every 24 hours 

All in- 
fected 

IVc 

! 10 

None 

All in- 
fected 

Va 

10 

1 mgm. "B-9” 

All in- 
fected 

Vb 

10 

None 

All in- 
fected 

Via 

10 

1.5 mgm. sodium pro- 
pionate every 24 hours 

All in- 
fected 

Vb 

10 

None 

All in- 
fected 


This table shows the number of mice in each group 
the drug and dosage used, and the results of each ex- 
periment. The drugs were all administered via the 
intraperitoneal route. 

Table 3 shows in summary the number of mice 
in each group, the dosage and drug used in each 
group, and the results of this treatment. 

autopsy findings 

Gross pathology . The spleens of all mice are 
greatly enlarged. They seem firm, and are deep 



EXPERIMENTAL HISTOPL \SMOSIS IN WHITE MICE 


245 


red in color. Well circumscribed pin-head, dull oids arc lined by numerous pale staining cells 

yellow areas can be seen frequently through the whose nuclei are round and vesicular. These 

capsule. The cut surfaces are glistening, and the contain from 3 to approximately 25 small round 

same small, circumscribed \ellow areas can be bodies, colorless except for a slightly eosinophilic 

seen. The li\cr is enlarged, a deep red to pale center. They are identified as phagocytic reticulo- 



Fig 1. Gross Appearance of the Liver and Spleen of Infected Mice. 
The mouse on the right is a control, normal animal 



Fig 2 Photomicrograph or Spleen Section Showtng the Typical Histoplasm a Bodies within Endothelia 

Cells 

Hematox\hn and eosin (X240) 

pink m color. Cut surfaces show nothing unusual, endothelial cells The ingested bodies correspond 
Figure 1 illustrates this point in all respects to the Hisloplasma capsulation. 

In some organs there are so many parasitized cells 
Histologic pathology that they almost form solid sheets between the 

Spleen Microscopic study of the spleen in lymphoid follicles Scattered throughout the 
each case re\eals an intact fibrous capsule The medulla are occasional plasma cells, polymorpho- 
lymphoid follicles, composed of typical lympho- nuclear and eosinophilic leukocytes. Figures 2 
cytes and lymphoblasts, are present in their usual and 3 show typical microscopic fields 
number and distribution. The intervening sinus- Liver . The liver cords, wdiile still arranged in 
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regular manner, are compressed by large numbers 
of pale, mononuclear cells which lie within the 
sinusoids. These pale cells, in some cases, attain 
large dimensions and are filled with the typical 
Histoplasma bodies. As many as 30 bodies have 
been counted in some of these cells. The nuclei 
are vesicular, round and identical with those seen 
in the spleen. The number of reticulo-endothelial 
cells varies from animal to animal, but in each 
case there is a uniform distribution. In some 
cases there are so many reticulo-endothelial cells 
that it is difficult to find liver parenchyma. In 
other cases, there are fewer of these cells, but in 


Lungs . The alveolae show focal consolidation. 
These infiammaton' lesions are scattered through- 
out the parenchyma of the organ. Some are 
peribronchial, while others show no topographic 
relationship to these structures. The alveolar 
lumina are filled with parasitized macrophages; 
and occasional polymorphonuclear leukocytes, 
without the parasite, arc noted. Within the 
intra-alveolar capillaries in these foci, similarly 
affected macrophages are seen. Many of the 
bronchi show a complete loss of their lining 
epithelium and are filled with Histoplasma- 
containing macrophages. The pleura in no case 



Fig. 3. Higher Poueh of Fig. 2 (X1240) 


no instance are they so rare that they are not 
immediately visible on superficial examination. 
Because of the presence of these reticulo-endo- 
thefial cells, the sinusoids stand out as pale, 
wide spaces. The cytoplasm of the liver cells 
proper is granular (cloudy swelling) and in areas 
shows the presence of small fat vacuoles. Oc- 
casional polymorphonuclear leukocytes are en- 
countered in the portal fields and sinusoids. The 
portal fields are sites of lymphocytic infiltration. 
The central venules are dilated and filled with 
the same type of Histoplasma-containing cells 
as those described within the sinusoids. See Fig- 
ures 4, 5, 6 and 7. 


appears to be affected by the process, beyond 
minimal edema. 

Kidneys . The kidneys do not show many 
changes attributable to histoplasmosis . The only 
constant finding is a form of interstitial nephritis. 
Within the connective tissue, particularly about 
vessels and glomeruli, small aggregates of mono- 
cytes and rare plasma cells are seen. Occasionally, 
within these foci, parasitized cells may be seen. 
No changes are seen in the medulla and pelvis of 
the organs. 

The testes, gastro-intestinal tract and tongue 
show no pathologic lesions. 

Six sections from one head were ready for study 


EXPERIMENTAL HISTOPLASMOSIS IN' WHITE MICE 



Fig. 5. Higher Power of Fig. 4 (X750) 


at the time of this writing. The organisms pulp (fig. S), in the salivary glands, and in the 
were seen within macrophages in the incisor brain. 






248 


B M LLVY 



Fig 6 Piiotomickogr \ru Iiustuxtinc. tiu Ow.vmsm P\cmi> within tiit Kimm Ci-lls of the 

Ll\ I R 

Note the marked destruction of the Ii\cr cells (X750) 



Fig 7 High Power of Fig 6 (X1240) 
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Fig. 8. The picture at the top (X1440) shows Hisloplasma capsulatum within a macrophage in the pulp of the 
maxillary incisor tooth of a mouse. The lower picture (X2160) shows the parasitized organisms within a macro- 
phage in the pulp just beneath the odontoblastic layer of cells. 
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DISCUSSION 

The uniformity with which all mice in all groups 
were infected is noteworthy. However, at one 
time during the course of this work, the organisms 
lost their virulence for mice. The fungus regained 
its virulence only after repeated mouse passage 
via the intraperitoneal route. Parsons made a 
similar observation. The organism he was using 
infected all mice in a specific series. When he 
tried, some time later, to infect another group of 
mice, he found it impossible to do so. By using 
a growth from a slant which had been inoculated 
with yeast-like form he was able to infect mice at 
will. 

All of the drugs used in this work proved to be 
of no value in combating the disease in mice. It 
is possible that in some instances the concentration 
of drug was not high enough to reach maximum 
therapeutic level. Dosages were based upon the 
standard dosage for human adults. Treatment 
ma} r not have been carried out long enough for 
the drug to act therapeutically. 

The fact that mice in groups III, IV, V and VI 
were sacrificed after 10 days of treatment may 
raise a question. Were our criteria for the treat- 
ment of mice adequate? We were interested 
in whether the drug was capable of killing the 
organism in vivo. Since treatment was started 
about 24 hours after the organisms were injected 
into the mouse, it appears that the fungus was 
capable of reproducing and infecting the animal, 
even in the presence of the concentration of drug 
used. 

SUMMARY AND CONCLUSIONS 

1. Intravenous inoculation of white mice with 
Hisioplasma capsulatum is a satisfactory method 
for the study of the disease in animals, and may 
be used in studying the chemotherapeutic effect 
of drugs. 

2. The drugs sodium iodide, neostam, fuadin, 
sulfanilamide, proflavin, thymol, B-9 and sodium 
propionate were ineffective in the treatment of 
histoplasmosis in white mice, according to our 
criteria. 

The author wishes to acknowledge the assistance 
and encouragement of Dr. J. D. Reid, Dr. S. S. 
Arnim and Dr. B. Black-Schaffer. 
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The present studies were undertaken because 
of the prevalence of filariasis in many areas in 
which our mill tan’ forces are operating and because 
of the return to the continental United States of 
individuals infected with this disease. It seemed 
desirable to have a%*ailablc information concerning 
potential vectors of the parasite in this country 
in order that suitable control measures may be 
instituted in event that conditions become favor- 
able for the reestablishment of the disease here. 

While there have been numerous investigations 
on the suitability of various species of mosquitoes 
as vectors in endemic areas, little work of this 
nature has been carried out in the United States, 
although in certain other countries investigations 
have included a few species found also in this 
country. Low (1901) working in Castries, St. 
Lucia, was able to demonstrate partial but not 
complete development of the microfilariae of 
Wuckercria bancrofii in Culex tacniatus (~ Acdcs 
aegypti) ; on the other hand, the larvae reached the 
infective stage in Culex fatigans ( « Culex quinque- 
fascialus ), Vincent (1902) showed that in Trin- 
idad the larvae developed to the infective stage in 
C. quinquefasciatus and that development took 
place normally in Anopheles albimanus, although 
he was unable to keep specimens of the latter 
species alive until the infective stage was reached. 
Vincent found that in A . aegypli the microfilariae 
failed to grow beyond the sixth day. Francis 
(1919) demonstrated that C. quinqucfasctalus was 
an efficient vector in the former endemic focus of 
the disease at Charleston, South Carolina, although 
he also was unable to incriminate A, aegypli . 

In this country Wellman, von Adelung, and 
Eastman (1910) were not successful in obtaining 
development of the microfilariae in Culex larsalts 
or Culex consorbinus C. pipiens) at Oakland, 
California, although Khalil, Halawani, and Hilmy 

x Read at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, at St. Louis, 
Mo., November 13-16, 1944. 


(1932) found that the latter species was an efficient 
vector of the parasite in Egypt, In China, Hu 
and Yen (1933) obtained third stage infections in 
Culex pipiens var. pollens while Hu and Chang 
(1933) working in the Woosung District of Shang- 
hai discovered infective microfilariae in 12 
per cent of 245 specimens of this variety caught 
in houses occupied by persons suffering from 
filariasis. Several Japanese workers had pre- 
viously found C. pipiens var. pallcns to be a good 
vector. Yamada (1927) summarized the findings 
of these workers and tested this as well as addi- 
tional species. He confirmed the results of 
previous investigators with this variety. How- 
ever, A cAcs st id tens and A . dorsalis failed to permit 
development of the larvae. In Acdcs vexans var, 
nipponii , a close relative of our domestic .4. 
vexans, Yamada found that the larvae penetrated 
the 'walls of the stomach but soon died in the body 
cavity. 

Davis (1935) at Bahia, Brazil, tested 10 species 
of mosquitoes of which 5 are reported from the 
continental United States. A large percentage 
of C. quinquefasciatus permitted full development 
of the microfilariae; C. nigripalpus harbored 
occasional larvae in “advanced development”; 
A. aegypli permitted slight development followed 
by degeneration of the larvae; while in A. 
tacniorhyncltus and A . scapularis no metamorphosis 
of the microfilariae was observed. Finally, 
O’Connor and Beatty (1938) found C. quinque- 
fascialus to be an efficient vector in St. Croix and 
observed also that A. albimanus was a potential 
vector since microfilariae developed to the third 
stage in this species. On the other hand, the 
larvae failed to reach the infective stage in 
A . aegypli. 

E.XPER1MEN TAL METHODS 

It seemed desirable to include in the testing 
program those species of mosquitoes whose biting 
habits and distribution would be conducive Jo 
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tlic transmission of filariasis in event that the 
species was found to be a favorable intermediate 
host for IF. bancrojti. This program has not been 
completed and this paper is therefore in the nature 
of a progress report. 

Because of the lack of suitable filariasis patients 
in the continental United States at the time these 
studies were inaugurated, the initial investigations 
were made in Puerto Rico with species of mos- 
quitoes common to that island and to the 
continental United States. Later, the work was 
transferred to Alabama. 1 

Larvae and pupae of the various mosquitoes 
were collected in the field and bred out in the 
laboratory. During the course of the experiments 
three patients were utilized for the feeding of the 
mosquitoes. These patients had average counts 
of 42, 54, and 60 microfilariae, respectively, in 
20 cmm. of blood drawn from the finger at 8:30 
p.m. 

Two methods of feeding were used. Those 
mosquitoes which were more active feeders and 
which appeared to be little disturbed by light and 
movement were placed in a lantern globe which 
was sealed at the bottom and covered with gauze 
at the top. The arm of the volunteer was placed 
over the gauze. The time of feeding varied 
between 30 minutes and 2 1 hours. 

Species which were more timid and would not 
feed well when disturbed by light, noise, or even 
the slightest motion were introduced into a large 
gauze cube supported by a wooden frame. This 
cage had a sleeve on one side into which the volun- 
teer inserted his arm. In this manner, the subject 
could sleep during the feeding which lasted the 
entire night. The latter method was more con- 
venient, but had two disadvantages. The actual 
period of feeding could not be determined and 
upon numerous occasions the subject would with- 
draw his arm from the cage during sleep. 

Those mosquitoes that had fed were separated 
the next morning from those that had not fed. 
The engorged mosquitoes were transferred to 
lantern globes, dated, and maintained under 
conditions in which the temperature and humidity 
were reasonably constant. In Puerto Rico the 
use of pans of water and wet towels over cages 
maintained the temperature between 80-86°F. and 

2 We are greatly indebted to Dr. E. L. Bishop, 
Director of Health, Tennessee Valley Authority, for 
his courtesy in supplying laboratory facilities and for 
his active encouragement of the work. 


the relative humidity between 70-92 percent. 
In Alabama the mosquitoes were kept in an inscc- 
tary the temperature of which varied between 
74 and 80°F. The relative humidity was main- 
tained between 75 and 85 per cent. 

The mosquitoes were observed from day to day 
and those that died were dissected. If dried or 
decomposed, the)' were discarded without being 
examined. Those that appeared incapacitated 
and would probably have died in a short time 
were killed and examined. Beginning with 9$ 
days after feeding, the specimens that had survived 
were chloroformed and dissected on successive 
flays and the results noted. 

For dissection the legs and wings were removed 
and the body divided into three sections, the 
abdomen, the thorax, and the head. These 
sections were teased apart in physiological saline 
solution under the dissecting microscope and the 
slide examined under a higher magnification. 

Several points were taken into consideration 
in evaluating the condition and stage of the filariid 
larvae in the mosquito. First, the condition of 
the mosquito, whether alive or dead, was noted 
since the larvae seemed to deteriorate rapidly 
after death of the intermediate host. Second, 
the condition of the larvae themselves was re- 
corded, i.c., whether dead, degenerating, encap- 
sulated, abnormally shaped or entirely normal. 
Third, observations were made of the degree to 
which the larvae had developed in the time that 
had elapsed since the mosquito had fed. 

In order to insure an adequate amount of data, 
dissections were made of at least 100 mosquitoes 
that had lived for 9\ days or more after feeding 
and were in good condition when they were killed. 
This time (9} days) was the earliest at \vhich 
infective stage larvae appeared in C. quiiiquc~ 
fascial us. 

EXPERIMENTAL FEEDING HABITS AND DISTRIBUTION 
OF SPECrES EMPLOYED IN TESTS 

A total of 283 feedings was made between July 
1943 and October, 1944. In all, S,19S mosquitoes 
were used of which 2,371 partook of a blood meal 
(table 1). Sixteen species have been tested to 
date. Of this number, conclusive evidence has 
been obtained for 10 species, partial evidence for 
2 others, and suggestive information about the 
remainder. Distribution records have been taken 
largely from the monograph by King, Bradley, 
and McNeel (1944) but have been supplemented by 
data compiled in this Laboratory. 
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Culex quinqucfascialtts, the common house 
mosquito of the Southern United States, ordinarily 
bites man eagerly, but under experimental condi- 
tions required the employment of a large cage be- 
cause of its timidity. 

Anopheles albimattus fed quite readily although 
a higher percentage of feeding was obtained in 
the large cage than in the globe. This species 
was reported at one time from Key West, Florida. 
At the present time, it is known to occur in the 


TABLE 1 

Feeding data on mosquitoes exposed to blood meals upon 
infected volunteers 


srrciEs 

NUMBER 

OF 

FEEDING 

ATTEMPTS 

TOTAL 

NUMBER 

or MOS- 
QUITOES 
rjcrosFA* 
TO MEAL 

TOTAL 
NUMBER 
Or MOS- 
QUITOES 
FED 

APPROXI- 
MATE 
TER CENT 
FED 

Puerto Rican strains 

A, sollicitans 

20 

200 

166 

83 

P. confinnis 

10 

195 

160 

S2 

A, aegvpti 

14 

190 

132 

69 

A . al him anus 

17 

410 

271 

66 

A, tacniorhynchus . . . 

11 

349 

140 

40 

C. nignpalpus 

4S 

1,328 

135 

10 

C. quinquefasciatus . 

7 

334 

31 

9 

C. erra liens 

10 

297 

16 

5 

Alabama strains 

A. quadrimaculalus . 

7 

112 

77 

69 

P. discolor 

6 

166 

101 

61 

P. confinnis .... 

20 

761 

414 

54 

A. rcxeK-T 

5 

495 

224 

45 

A . (riser iat us 

20 

674 

201 

30 

C. tarsalis 

o 

101 

19 

19 

C . salinarius 

20 

439 

72 

16 

A . punciipennis .. 

54 

1,801 

203 

11 

C. rcstuans 

8 

336 

0 

0 

P. ciliata 

3 

10 

9 

— 

Totals 

283 

8,198 

2,371 



continental United States only in the lower 
Rio Grande Valley in Texas. 

Psorophora confinnis proved to be a voracious 
feeder, engorging in a few minutes in the lantern 
globe. Experiments were conducted with this 
species in both Puerto Rico and in the continental 
United States, where this species had been known 
for a long time as F. columbiae . The feeding 
habits of the species in both localities were similar, 
but infectivity results were so markedly different 


that it was necessary to consider the Puerto Rican 
and U. S. specimens as separate strains. The 
U. S. strain is rather widely distributed throughout 
the Southern and Southeastern States, and occurs 
elsewhere. 

Culex ni grip alp us did not feed well under the 
conditions prevailing in the experiments. Only 
10 per cent of 1,328 specimens exposed to a blood 
meal engorged and many variations in handling 
this species were employed. It appeared that 
the majority of those that fed did so because of 
a chance contact with the volunteer’s arm. This’ 
species occurs throughout the Southeastern States 
and is particularly abundant in certain sections 
in Florida. 

Acdcs aegypli was a willing feeder after a suffi- 
cient time had elapsed following emergence from 
the pupal stage. Maximum feeding occurred 
about 48 hours after emergence. This species 
occurs in most of the towns and cities of the South. 

Acdcs sollicitans fed quite readily and usually 
soon after emergence. This species occurs along 
the Atlantic and Gulf Coasts. It has been re- 
corded as far west as New Mexico. 

Acdcs tacniorhynchus is also a voracious feeder 
although not usually until 48 hours after emer- 
gence. The breeding habits closely resemble the 
previous species. The distribution extends along 
the Atlantic Coast from New England to Florida 
and along the Gulf Coast to Mexico. It also 
occurs along the Southern California Coast. 

Acdcs vexans proved to be a ready feeder 48 
hours after emergence. This species is of wide 
occurrence throughout the United States although 
it is seldom abundant in the extreme South. 

Acdcs (riser talus did not feed voraciously but 
given a sufficient length of time a fair percentage 
of the individuals would engorge. In order to 
obtain engorgement, it was necessary to starve 
this species before feeding. This tree-hole breeder 
is widely distributed throughout the United 
States. 

Anopheles punciipennis was a rather poor feeder 
under laboratory conditions. It was necessary 
to starve the specimens before offering a blood 
meal. Even then, only a small percentage would 
feed. This species is of wide occurrence through- 
out the United States. 

Anopheles quadrimaculalus fed quite readily 
under our experimental conditions. Two sources 
of the species were used; the majority came from 
an established colony while the remainder were 
reared from “wild” larvae secured in the field. 
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No difference in feeding habits was noticed. This 
species is quite common throughout the South and 
recorded from many other localities. 

Culex salinarius fed rather poorly throughout 
the experiments. The supply of this species was 
meager, since it occurred but sparingly in the few 
places where it was found breeding. As a result, 
conclusive evidence for this mosquito has not 
been obtained. The species has a widespread 
distribution in the South and East. 

Psorophora discolor proved to be a willing feeder. 
Its distribution is sparse throughout the Southern 
States. 

Psorophora ciliala engorged eagerly, consuming 
a relatively large amount of blood. The species 
is widely distributed throughout the South, East, 
and parts of the Middle West, but the larvae were 
encountered only in small numbers. 

Culex erraiicus was an extremely poor feeder in 
tests conducted both in Puerto Rico and Alabama. 
A very small number fed in the earlier stage of 
the work, but none fed in Alabama. This species 
occurs throughout the Southern States 

Culex tarsalis fed in small numbers after a star- 
vation period. Those that had been given a 
sugar water meal two or three days before feeding 
on the volunteer engorged more readily than those 
starved entirely. The species is common in the 
West and rare in the South. 

Culex resluans failed to feed in the laboratory 
under any conditions employed. Several hundred 
specimens were exposed to a blood meal upon 
numerous occasions without success. This species 
is of general distribution throughout the Southern, 
Eastern, and Northern States. 

OBSERVATIONS ON LARVAE DEVELOPMENT 

i 

The development of the microfilariae in those 
species in which the infective stage was reached 
was in conformity with the observations of other 
workers. Within a few hours after ingestion by 
the mosquito, the microfilariae had cast their 
sheaths and penetrated through the gut to the 
abdominal spaces, from which they made their 
way to the thoracic muscles. Here the larvae 
developed into the characteristic short sausage- 
shaped organisms. This stage was reached usually 
by the fifth day, although in a few specimens more 
time was required. This stage was followed in 
2 or 3 days by the first molt. After the molt, the 
larva, now in the second stage, increased slightly 
in width and to a greater extent in length. This 


process continued for an additional 3 to 5 days, 
during which time the internal organization of the 
larva became more evident and material could be 
seen moving back and forth in the gut. The third 
stage, following the second molt, was marked by 
further elongation and a decrease in width. Two 
or 3 days after the second molt the mature, infec- 
tive larva had evolved. Larvae in this stage were 
easily identified by their extreme slenderness, 
by the presence of 3 prominent caudal papillae, 
and by their violent writhing and coiling motions. 
After this final stage had been reached, the larva 
began migrating from the thorax to the head or 
abdomen. 

In the majority of the species permitting full 
development, the cycle was completed within two 
weeks. There was some individual variation in 
the time required and the development within 
C. quinquefascialus was completed on an average 
of two to four days sooner. One specimen of this 
species showed infective larvae 9\ days after 
feeding. 

In those species permitting only incomplete 
or abortive development of the larvae the time 
schedule was irregular. Development was ar- 
rested at various stages, although the sausage 
stage represented the limit of development in the 
incompatible mosquitoes. In several species there 
was encapsulation of the larvae by a black, 
calcium-like substance which enveloped the larvae 
either partially or completely. This phenomenon 
sometimes occurred while the larvae were still 
alive, although encapsulated larvae were usually 
dead. Encapsulation was encountered to some 
extent in j P. confinnis along with normal develop- 
ment. 

In three species, A. taeniorhynchus, A . vexans, 
and A. quadrimaculalus , the larvae rarely got into 
the thorax. In the former two species the micro- 
filariae apparently were digested in the gut, for 
rarely were there any larvae found in the rest 
of the body. In A . quadrimaculalus, very early 
first stage larvae were found completely or partially 
encapsulated in the abdominal cavity 12 to 14 
hours after feeding. 

RESULTS OE EXAMINATIONS 

In all, 1,801 dissections were made of 15 species 
of mosquitoes. Detailed protocols of the experi- 
ments are given in Table 2 and the results are 
discussed below by species. 

Culex quinquefascialus . Twenty-seven speci- 
mens were examined, of which 17 lived 9\ days 
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or more after feeding. All 17 showed infective 
larvae at the time of dissection. These larvae 
were distributed at random throughout the body, 
the majority being in the abdomen. Nine of the 
17 showed infective larvae in the head or proboscis 
at the time of dissection. One specimen killed 
after 95 days showed 47 third stage larvae, of 
which 9 were infective. 

Anopheles albitnanus . A total of 235 of this 
species was dissected, of which 114 lived 95 days 
or longer. Of the latter number, 40, or 35 per 
cent, showed infective larvae which appeared to 
be distributed at random throughout the body. 
Of the mosquitoes showing infective larvae, 24 
were found to contain them in the head or pro- 
boscis at the time of dissection. Another 37, or 
32 per cent, showed lame which were developing 
normally at the time of dissection. These must 
be considered as potentially infective larvae in 
that they were third stage larvae that had as yet 
not reached the final, mature, infective stage and 
gave no indication of retarded development. Add- 
ing the figures for both infectives and potentially 
infectives, an infectibility percentage of 67 is 
obtained. There was very little evidence of 
degeneration or retardation of development in 
this species. On the whole, it appeared that an 
average of two days longer was required for the 
lame to reach the infective stage than in C. 
quinqucfasciains . 

Psoropliora conjinnis (Puerto Rico). A total 
of 149 specimens was dissected, of which 104 
lived for as long as 95 days. Of these, 5 showed 
infective larvae, one of which was a head infection, 
and another 8 showed potentially infective larvae. 
A 12 per cent infectibility rate was obtained with 
this species. Considerable variation was en- 
countered in dissection results with the species. 
In many specimens, the larvae were surrounded 
by a capsule of a dark, calcium-like substance. 
This phenomenon was found to occur in mosquitoes 
which also contained normally developing larvae. 
There was in addition considerable variation in 
the degree of development attained by the various 
larva,e found upon dissection. Mosquitoes with 
infective or noninfective third stage larvae often 
showed larvae that were still in the second stage. 
However, the majority of the specimens dissected 
were entirely negative. 

Psoropliora conjinnis (Continental U. S.). A 
total of 159 specimens of this strain of the species 
was examined, of which 104 lived for at least 
9} days after feeding. Of these 104, 63 showed 


infective larvae throughout the body. Head or 
proboscis infection was encountered in 45 of the 
63 showing infective larvae. An additional 21 
mosquitoes living for 95 days or more showed 
active third stage larvae which at the time of 
dissection had not as yet become infective. The 
results give an infectibility rate of 80 per cent 
with P. conjinnis from the continental United 
States. The encapsulation phenomenon was en- 
countered to only a slight extent in this strain. 
Moreover, very few complete negatives were 
found. While retardation of development was 
seen in a few specimens, on the whole develop- 
ment to the infective stage was accomplished in 
approximately two weeks, 

Culcx nigripalpus. A total of 128 specimens 
was examined, of which 102 lived 95 days or longer. 
Of the latter, 3 showed infective larvae, 2 being 
head infections, and an additional 4 showed poten- 
tially infective larvae. These results give an 
infectibility rate of 7 per cent. The majority of 
the specimens were entirely negative. When 
larvae were encountered, they had usually died 
at the presausage or sausage stages which occur 
prior to the first molt. No evidence of encap- 
sulation was found in this species. 

Acdcs aegypti (Including material from both 
Puerto Rico and the continental United States). 
A total of 128 specimens was examined, of which 
102 had lived for at least 95 days after feeding. 
Of these, 4 showed infective stage larvae and in 
each a head or proboscis infection was obtained. 
An additional specimen showed potentially in- 
fective larvae. The infectibility rate for the 
species was approximately 5 per cent. The great 
majority of the specimens showed larvae, but 
with few exceptions these larvae were of the very 
earliest first stage. For the most part, they were 
dead and degenerating, but occasionally, even as 
long as two weeks after infection, some early 
first stage larvae would exhibit slight motion. 

Aedes sollicilans. A total of 164 specimens was 
dissected, of which 103 lived for 95 days or longer. 
In no case was normal development encountered 
beyond the first or second day. Larvae were 
found in about half of the specimens examined. 
However, with the exception of an occasional pre- 
sausage stage larva, they had ceased development 
at the early or middle first stage. 

Aedes taeniorhynchus. Of this species, 136 were 
dissected, of which 101 had lived for 95 days or 
longer. As with the preceding species, normally 
developing larvae were never encountered. In 
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fact, only 8 specimens showed any larvae and these 
were all in the first stage and dead. 

Aedes vcxatts. A total of 159 of this species 
was examined, of which 104 lived^for 9£ days or 
longer. The majority of the specimens were 
negative after the second or third day. Of the 
entire 159 examined, only 7 showed larvae in the 
thoracic muscles and these occurred singly as 
dead first stage larvae. 

Aedes iriscriattts . A total of 175 of this species 
was examined, of which 107 lived for 9£ days or 
longer. Two of the latter showed infective larvae 
located in the thorax in one case and in the head 
and proboscis in the other case. A third specimen 
showed a single, active, non-infective third stage 
larva in the thorax. However, in the majority 
of the specimens, Ihe larvae encountered had died 
in the first stage and many were encapsulated by 
a black deposit. The infectibility rate of this 
species was approximately 3 per cent. 

Anopheles punclipennis . A total of 209 speci- 
mens was examined. Of this number, 95 lived 
for 9| daj's or more. Normal development beyond 
the second or third day was not encountered. In 
those specimens showing larvae, the latter were 
almost invariably dead, occasionally encapsulated, 
and had never developed beyond the first stage. 

Psorophora discolor . A total of 41 individuals 
was examined, of which 11 lived for 9£ days or 
longer. Of the latter, one showed infective larvae 
and an additional 5 showed potentially infective 
larvae in the thorax. The one harboring infec- 
tive larvae at the time of dissection did not have 
a head or proboscis infection. The early develop- 
ment of the larvae in this species was entirely 
normal but it appeared as though there was some 
retardation in the later stages. Having reached 
the second stage within the normal time limits, 
the larvae were slow in advancing to the third and 
final infective stages. Some showed second and 
third stage larvae as late as 15 and 16 days after 
feeding. There was some evidence of encapsula- 
tion in this species. Further information is 
needed. 

Cidex salinarius. Fifty-six specimens were 
examined, of which 23 had lived for 9£ days or 
longer. Of the latter, none showed infective 
larvae although a single third stage larva was 
found in each of two specimens. Development 
was irregular in that about half the specimens 
permitted development through the first and 
occasionally into the second stage, whereas in 
the rest of the mosquitoes development was 


checked early in the first stage. Encapsulation 
occurred rarely. 

Psorophora ciliaia. Very few of this species 
were available for study. Seven have been ex- 
amined, none of which has lived longer than 8$ 
days. In one of these, live presausage larvae were 
found after 5£ days. The other 6 were completely 
negative. 

Cidex err a liens, Only 8 specimens were exam- 
ined, all of which had lived for more than 9§ 
days. No larvae were found in the dissections. 

Cidex larsalis . None of the exposed specimens 
has been examined at this writing. 

Anopheles quadrimaculalus . Twenty specimens 
were examined, of which 10 had lived for 9§ days 
or more. All dissections rrcre negative with the 
exception of one specimen killed after 12 hours. 
This specimen revealed several larvae in the 
abdominal cavity and a few in the thorax. The 
majority of the larvae were dead and either 
completely or partially encapsulated by a dark 
deposit. 

DISCUSSION Or RESULTS 

Results with C. quinqucfasciaius in both Puerto 
Rico and the continental United States indicate 
that tliis species would be the most important 
vector of filariasis should a sufficient focus of 
infection be established in areas in which it is 
prevalent. The breeding of this species in urban 
and suburban areas and its high susceptibility 
to infection appear to make the species an ideal 
vector. 

On the other hand, P. confinnis , which has 
shown itself to be almost as susceptible is essen- 
tialty a rural breeder. It is possible that this 
habit would lessen the threat of this species as 
an important vector, at least in comparison with 
C. quinqucfasciaius . Of the many localities in 
which P . confinnis adults and larvae were found, 
few were within town limits. The majority of 
breeding places were cow pastures or roadside 
ditches. 

These factors are to a certain extent offset by 
the tremendous numbers in which the species 
emerges after a sudden flooding, the avidity with 
which it attacks man and its comparatively long 
flight range. Few residents of suburban and 
rural areas are safe from the attacks of this species 
during the height of its periodic swarmings and 
on occasion it may be extremely prevalent in 
urban communities. While from the experimental 
standpoint this species has shown itself to be an 
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excellent intermediate host, its chances of spread- 
ing W . bancrofti would seem to depend almost 
entirely upon there being a high incidence of 
filariasis within its flight range. 

^4. albimanus proved to be an efficient inter- 
mediate host experimentally. At the present 
time, it is known to occur only in the lower Rio 
Grande Valley. The breeding and feeding habits 
of the species are within the requirements of a 
good vector, but, unless it becomes more wide- 
spread, there is only a remote possibility that it 
might be concerned in transmission of the disease. 


respect to A . quadrimaculalus, C. salinarins , 
C. err aliens, C. tar salts, P . ciliata, and P. discolor . 
None of the exposed C. tarsalis has been dissected. 
On the basis of present information obtained with 
the other species, none has shown evidence of 
being a good host, with the possible exception 
of P. discolor . This species did permit develop- 
ment to the third and infective stages in some 
instances. However, it is felt that even should 
further dissections reveal a higher percentage of 
infection, this species would not likely be an 
important vector because of Jts apparent scarcity. 


TABLE 2 


Development of W. bancrofti larvae in various species of mosquitoes 


SPECIES 

EARLY DEVELOPMENT 
OE LARVAE — 2 TO 9 
DAYS AFTER EEEDING 

LATE DEVELOPMENT DP LARVAE— 9> DA YS 

OR IJORE AFTER FEEDING 

TOTAL 

INFECTIBILITY 

PERCENTAGE 

NUMBER OF 
INFECTIVE 
LARVAE PER 
SPECIMEN 

Number 

mosquitoes 

dissected 

Number 

showing 

normal 

larvae 

Number 

mosquitoes 

dissected 

Number 

showing 

well 

advanced, 
.but not 
infective, 
larvae 

Number 
showing 
infective 
larvae 
anywhere 
in body 

Number 
showing 
infective 
larvae in 
head or 
proboscis 

Maxi- 

mum 

Aver- 

age 

C. quinquefascialus 


10 

17 

— 

17 


17 of 17* 

20 

6 

P. confinnis (U. S.) 


37 


21 

63 


80 

41 

6 

A. albimanus 


90 

114 

37 

40 


67 

10 

4 

P. confinnis (P. R.) 

45 

2 

mm 

8 

5 


12 

17 

5 

C. nigripalpus 1 

26 

3 

Ka 

4 

3 


i 6.8 

21 

8 

A. aegypti ! 

26 

1 

102 

1 

4 


! 4.9 

7 

4 

P. discolor f 

30 

27 

11 

5 

1 

0 

6 of 11* 

3 

3 

A . triseriaius 1 

68 

2 

107 

1 

2 

1 

2.8 

2 

2 

C. salinarius t 

33 

14 

23 

2 

0 

0 

2 of 23* 

— 

— 

A. vexans 

55 

0 

104 

0 

| 0 

0 

0.0 

— 

— 

A, sollicitans 

61 

0 

103 

0 

i 0 

0 

0.0 

— 

— 

A. tacniorhynchus 

35 

0 

101 

0 

0 

0 

0.0 

— 

— 

.4. punclipcnnis 

114 

0 

95 

0 

0 

0 

0.0 

— 

— 

A. quadrimactdalus\ 

10 

0 

10 

0 

0 

0 

0 of 10* 

— 

— 

C. erralieus f 

0 

— 

8 

0 

I 0 

-- 0 

Oof 8* 

— 

— 

P. ciliata 

7 

0 

0 

— 

— 

— 

0 of 7* 

— 

— 


* Percentages not estimated with small numbers. 

t Insufficient data to estimate infectibility percentages or to draw conclusions regarding efficiency. 


The low infectibility rates obtained with A. 
aegypti , C. nigripalpus , and A . triseriaius appear 
to rule these species out as important potential 
vectors. It is conceivable that in a high focus of 
infection any one of them might serve as a trans- 
mitter in certain instances. This is particularly 
true of A. aegypti , because of its breeding habits. 

A . vexans, A . sollicitans , .4. tacniorhynchus , and 
^4. punclipcnnis would not be capable of trans- 
mitting filariasis because of their complete failure 
to allow normal development of the larvae. 

Conclusive evidence was not obtained with 


Because of the reluctance of Culcx rest ua ns 
to feed on man, no laboratory data were obtained 
in regard to it. However, it would appear that 
this characteristic in itself might rule out this 
species in any consideration of possible vectors. 

The distribution of the infective larvae within 
the mosquito host has been the subject of some 
speculation.^ It has been the opinion of many that 
infective larvae occurring in the body of the mos- 
quito in sites other than the head and proboscis 
would never be involved in the transmission. This 
belief has probably been based upon the supposi- 
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tion that normal larvae observed in the thorax 
and abdomen would be incapable of migrating 
to the head or proboscis. 

In view of the fact that no arrestment other than 
the encapsulation of young larvae in the thorax 
has been observed, the authors can see no ground 
for this belief. The infective larvae found in the 
abdomen were invariably highly active and with 
sufficient illumination one could see them migrating 
about freely. Although it was impossible to 
trace the migration from abdomen to head, the 
larvae were observed ^entering the thoracic muscles 
from the abdomen and vice versa . Highby (1943), 
working with Dipctalonema arbuia , a filariid of 
the porcupine, observed the third stage larvae 
migrating freely from the tip of the labella to 
the abdomen of its mosquito host. Anatomically, 
there appears to be no mechanical barrier to the 
progress of the larvae from abdomen to head. 
The open-type circulatory system that is found in 
the mosquito would seem to afford easy transit, 
particularly in an anterio-posterior direction. 

While it is true that the majority of the infective 
larvae encountered were in the abdomen, it is 
believed that this is purely a matter of chance, 
dependent upon the availability of space and the 
number of larvae present in an individual mos- 
quito. Dissections delayed a few days after the 
infective stage had been reached showed a greater 
percentage of larvae in the head and proboscis 
than earlier dissections, indicating a general 
migration from the rest of the body toward this 
region. 

On the basis of the foregoing, it is felt that the 
total number of infective larvae found within the 
body of the mosquito is more indicative of its 
potentiality as a vector than the number found 
only in the head or proboscis at the time of dis- 
section. In many instances (table 2) infective 
larvae were found in the abdomen and thorax 
but not in the head. It is believed, however, 
that had dissections been made at a later date 
larvae would have been found in the head and 
proboscis in a majority of the specimens. 

One particularly interesting point arises when 
' a comparison is made of the results obtained with 
P. confinnis collected in Puerto Rico and P. con- 
finnis obtained in the continental United States. 
Table 2 shows an inf edibility rate of 12 per cent 
for the former and 80 per cent for the U. S. strain. 
An identical number of specimens of each strain 
was dissected, so that it is felt that the difference 
in Jesuits is significant. On the basis of morphol- 


ogy, the larvae and adults of the two types 
appeared to be identical. However, their suscep- 
tibility to infection with IF. bancrojtivczs markedly 
different. It would appear from this that the 
species is separable into two distinct physiological 
types or strains, a thing which has been observed 
in connection with certain anopheline vectors of 
malaria. Further observations on strains may 
reveal similar differences in the capacity of other 
species of mosquitoes to transmit filariasis. 

SUMMARY AND CONCLUSIONS 

Experiments to determine possible mosquito 
vectors of IF. bancrofii in the continental United 
States were inaugurated in Puerto Rico and later 
transferred to the continental United States. 

Mosquito larvae collected in the field were 
raised to adults. The latter were permitted to 
feed upon volunteers infected with the periodic 
strain of IF. bancrofii. ' The mosquitoes were 
dissected at various intervals after feeding and 
the development of the microfilariae was followed. 
A total of 1,801 dissections was made of mosquitoes 
from 15 species. 

All of 17 Culex quinqucfascialus dissected 9£ 
days or more after feeding showed larvae which 
had developed to the infective stage. 

Sixty per cent of the Psorophora confinnis 
collected in the continental United States 
contained infective larvae and an additional 20 
per cent had well advanced larvae 9§ days after 
feeding. A potential infectibility rate of 80 
per cent was obtained with this species. 

Anopheles albmanus carried infective stage 
larvae in 35 per cent and well advanced larvae 
in 32 per cent of the specimens examined, giving 
an infectibility rate of 67 per cent. f 

Complete development of the larvae was 
observed occasionally in certain species which 
had the following infectibility rates: Psorophora 
confinnis (collected in Puerto Rico) 12 per cent; 
Culex nigripalpus , 7 per cent; Aedes aegypli , 

5 per cent; A. triseriatus , 3 per cent. 

No development beyond the first larval stage 
was observed in Aedes sollicitans , A . iacnio - 
rhynchus, A . vexans , and Anopheles punctipennis. 

Inconclusive evidence has been obtained for 
Anopheles quadrimaculaius , Culex err aliens, C. 
salinarius , Psorophora ciliala and P. discolor . 
Data secured thus far indicate that none of these 
species is a good host, with the possible exception 
of P. discolor which permitted development to 
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the infective stage in one specimen with well 
advanced stages in five other specimens. 

Development to the infective stage was attained 
in most mosquitoes within two weeks and followed 
a pattern previously described by other investiga- 
tors. Head or proboscis infections developed 
in over half of the specimens showing infective 
larvae. 

It is concluded that C. quinqucfascialus , P . 
confinnis , and A . albimanns are capable of serving 
as excellent vectors of W. bancrofti should the 
proper conditions prevail for the spread of fila- 
xiasis. C. nigripalpus, A. aegypli , and A. tri - 
seriatus might serve as vectors although their 
low infectibility rates preclude their playing 
an important role in the spread of the disease. 
A. sollicitaiiSj A . iacniorhynchus , A . vcxans , and A. 
punciipcnnis are apparently incapable of trans- 
mitting the infection. 
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Addendum 

Since the preparation of this paper, data have become 
available on dissections of Cut ex tarsalis. Of 49 
specimens examined 9^2 days or more after feeding, 
10 contained normally developing, but not infective, 
larvae, while 31 were found to have infective larvae; 
in 21 cases such larvae w*ere found in the head and 
proboscis. The infective stage was usually reached 
in 15 days. There was no evidence of retardation of 
growth or encapsulation of larvae in this species. 
From these preliminary results, it would appear that 
C. tarsalis is potentially as efficient a vector as C. 
quinquef asciatus. 
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The acquisition of Wnchereria bancrofti infection 
by American troops serving in endemic areas 
abroad and the possibility of the reestablishment of 
filariasis in the continental United States have lead 
to a renewed interest in this disease. There is no 
satisfactory treatment for this condition even 
though numerous attempts have been made to dis- 
cover some chemotherapeutic agent which would 
be of value. The matter of treatment involves 
several objectives. It is conceivable that a drug 
might be sufficiently effective to destroy circulat- 
ing microfilariae and sterilize productive female 
worms without having an} r lethal effect on adult 
worms in the lymph glands or lymphatics. Such a 
drug might constitute an effective instrument for 
limiting the spread of infection or gradually con- 
trolling the disease in an endemic area although it 
would probably offer no immediate relief to the 
patient. On the other hand, it is possible that a 
drug sufficiently specific in its action to destroy 
adult worms might lead initially to exacerbations in 
the symptoms through the absorption of dead 
worms or their toxic products, even though even- 
tually benefit might accrue to the infected indi- 
vidual. 

A large number of investigations have been car- 
ried out on the chemotherapy of filariasis, the most 
recent work being that of Brown (1) who was suc- 
cessful in eliminating circulating microfilariae from 
the peripheral circulation of 2 of 11 individuals 
treated with relatively large doses of anthiomaline. 
Chopra and Sundar Rao (2) reported tests with a 
large number of compounds and found that Fuadin 
gave good results in that it caused the disappear- 
ance of microfilariae for several days and seemed to 
result in clinical benefit and cessation of chyluria. 
Hawking (3) found no microfilariae in the blood of 
1 of 7 cases after treatment with Fuadin and 
none in 1 of 10 cases after treatment with tartar 
emetic. Beneficial results have been reported in 

^cad at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, St. Louis, Mo., 
November 13-16, 1944. 


Witcher eria infections with the use of mercury suc- 
cinimide by Anderson (4) and with the use of 
mercury cyanide by Kingsbury (5). 

For the reason that the available evidence indi- 
cated that compounds of trivalent antimony and 
mercury were of more promise than other types of 
chemical agents, preparations containing these 
metals were used in these experiments. For com- 
parative purposes, certain drugs which had been 
used previously in filariasis were included in the 
present tests. The remainder consisted of com- 
pounds synthesized in our laboratories or supplied 
by pharmaceutical firms. 

MATERIALS AND METHODS 

Experimental procedure . All of the compounds 
were used parenterally. In the case of dogs, it was 
found that the intravenous route of administration 
was most satisfactory; for the treatment of cotton 
rats, the intramuscular and intraperitoneal routes 
were employed. 

Microfilarial counts were performed by a method 
previously described (6) on blood samples taken at 
the same time each day. At least three counts 
were made prior to the institution of treatment, 
after which the counts were carried out at the time 
of administration of the drug. Following comple- 
tion of the treatment, the animals were observed 
for a period of at least two months and frequently 
for six months, during which time microfilarial 
counts were made weekly. Following the period 
of observation, the animals were sacrificed, a search 
made for adult parasites, evidence of gross pa- 
thology noted, and tissues preserved for micro- 
scopical study. 

Preparation of compounds. With the exception 
of antimony oxide, the antimony compounds were 
all derivatives of phenols, alpha hydroxy acids, or 
potyhvdric alcohols. 

Thirty derivatives of alpha hydroxy adds were 
prepared. For the preparation of these com- 
pounds, antimony oxide, tartaric add, and the 
organic base (e.g.. p-phenctidine) were refluxed in 
an aqueous solution. The volume was reduced 
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, over a steam bath and the crystalline compound 
precipitated out of the solution upon cooling. The 
antimony content, which was determined by titra- 
tion after destruction of the organic material pres- 
ent, indicated that these compounds were the 
respective antimonyl tartrates. Sodium anti- 
monyl citrate was prepared in a similar manner 
with the use of citric add. 

The antimony phenolic compounds included 
Fuadin, Stibsol, sodium antimonyl bis-catechol, 
and sodium antimonyl tertiaiy butyl catedioL 
The latter two compounds were prepared by reflux- 
ing an aqueous solution of the catechol, sodium 
hydroxide, and antimony oxide. Further separa- 
tion was performed in a manner similar to that used 
with the alpha hydroxy acid derivatives. 

It is known (7) that alkaline solutions of the 
polyhydric alcohols react with antimony oxide to 
yield water-soluble complex metal compounds; for 
example, sorbitol is said (8) to form a compound, 
corresponding in antimony content with the for- 
mula CftHia05-0-Sb(0Na)-0-CcHi305, which is 
known as sodium antimonyl sorbitol We were 
fortunate in having available a number of poly- 
hydric alcohols and some of their methylene deriva- 
tives and have employed twenty-four such com- 
pounds for the preparation of test solutions in the 
present investigation. A suspension of antimony 
oxide in a solution of the polyhydroxy compound in 
N sodium hydroxide was refluxed for two to four 
hours, the undissolved oxide was separated by fil- 
tration, and the filtrate was analyzed to determine 
its antimony content. It was found that the 
amount of antimony oxide which had reacted 
agreed well with the ratio of one molecular equiva- 
lent of oxide to two of the hydroxy compound. 
The solutions of metal complex so obtained were 
alkaline and in general were less stable than those 
of the compounds of the preceding two groups; in 
concentrated solutions some oxidation to pentava- 
lent antimony compounds was noted and in dilute 
solutions gradual precipitation of antimony oxide 
was frequently noted. Efforts to crystallize the 
' complex by precipitation with organic solvents 
were unsuccessful. The dosage was therefore 
based on the amount of trivalent antimony present 
in the solution. For convenience, the name of the 
complex was taken from the name of the polyhy- 
droxy compound from which it was prepared; for 
example the solution prepared from D-arabitol was 
designated as sodium antimonyl D-arabitol al- 
though upon aging it was known that some pen- 
tavalent antimony complex was present. 


TREATMENT OF DOGS WITH MERCERY COMPOUNDS 

Two dogs were treated with mercury cyanide at 
the dose rate of 0.34 and 1.0 mgm. of mercury per 
kilogram of bod}' Aveight, respectively. The dog 
receiving the larger dose died after four daily injec- 
tions without apparent reduction in the numbers of 
microfilariae or injury' to the adult parasites. The 
other dog received 22 injections and no beneficial 
results were observed in spite of evidence of mer- 
cury poisoning in the animal 

One dog received 24 injections of mercury' oxy- 
cyanide at the rate of 1.0 mgm. of mercury per kilo- 
gram of body weight and another dog received 11 
injections of mercury succinimide at the rate of 
0.7 mgm. of mercury per kilogram of body weight. 
Despite evidence of mercury poisoning in both 
animals, no changes in the microfilarial counts oc- 
curred and no e%ddence of injury to the adult para- 
sites was found at autopsy' six weeks later. 

TREATMENT OP DOGS WITH ANTIMONY COMPOUNDS 

Twenty-five trivalent antimony compounds were 
used in the treatment of fifty dogs. Thirty-three 
other compounds were synthesized but did not 
appear to be of special promise and were not used 
in the treatment of infected animals. 

As the first approach to the present study, it was 
necessary' to establish the schedule of dosage and 
rate of administration of the compounds which 
would combine the best therapeutic activity with 
the greatest degree of safety. This necessitated 
the determination of the toxicity of each compound 
to be tested therapeutically and entailed a great 
number of preliminary' arbitrary plans of treat- 
ment. 

The first plan followed was that of a fixed dosage 
given three times per week. A deficiency' in this 
plan appeared at once for this schedule made no 
allowances for differences in the weights of the 
dogs. A schedule based upon the amount of anti- 
mony per kilogram of body weight of the animal 
was adopted as this gave a direct means of com- 
paring the activity' of the various agents. Ad- 
ministration of the drug six days per week instead 
of three days per week was tried and it was found 
that microfilariae disappeared with fewer doses. 
This schedule was then used for subsequent ex- 
periments. 

The first arbitrary dose rate of 1.8 mgm. of anti- 
mony per kilogram of body weight was fatal to 
many of the treated animals. This was reduced to 
the dose rate of 0.8 mgm. of antimony per kilogram 
of body weight, the mean dosage recommended by 
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Wright and Underwood (9) for the use of Fuadin 
in Dirofilaria imtnitis infections. This rate was 
well tolerated and proved therapeutically effective 
\vi th such compounds as Fuadin and Stibsoh 

During the course of these experiments, it be- 
came evident that the therapeutic activity of any 
antimony compound, as measured by the disap- 
pearance of microfilariae, was not necessarily 
governed by the dose rate or by the total dose ad- 
ministered. As a matter of fact, the rapidity of 
treatment was found to be an important factor and 
it appears that this factor is undoubtedly asso- 
ciated with the maintenance of a certain level of 
antimony in the body of the animal. The follow- 
ing data arc offered in support of this hypothesis. 

Since previous work with other compounds indi- 
cated that 0.8 mgm. of antimony per kilogram of 
body weight daily did not produce toxic symptoms 
and in the case of active compounds would eradi- 
cate microfilariae from the circulation, five dogs 
were treated with sodium antimonyl xylitol at the 
rate of 0.8 mgm. per kilogram of body weight ad- 
ministered six days per week. These animals be- 
came microfilariae free after 6, 8, 8, 9, and 11 injec- 
tions, respective!}'. The same dose rate with a 
schedule of three injections per week was tried in 
.the treatment of one dog. It required 52 injections 
to free this animal of microfilariae, indicating that a 
certain threshold of antimony in the body must be 
exceeded before any toxic effect is exerted on the 
microfilariae and that the antimony must be given 
often enough to give a positive balance of intake 
over excretion. 

Injections of 0.6 mgm. of antimony per kilogram 
of body weight in the form of sodium antimonyl 
xylitol six days per week rendered a dog micro- 
filariae free in ten days indicating that this dosage 
level also falls into the active therapeutic range. A 
dose rate of 0.4 mgm. of antimony per kilogram of 
bod>' weight of an equally active compound failed 
to render an animal microfilariae free after 28 injec- 
tions. It may be assumed therefore that this rate 
of antimony intake very slightly, if at all, exceeds 
the excretion rate so that it is almost impossible to 
attain a therapeutic threshold. 

Two animals were treated with sodium anti- 
monyl xylitol at the rate of 2.4 mgm. of antimony 
per kilogram of body weight once a week. One 
animal became microfilariae free during the week 
after the first injection and the other dog became 
microfilariae free after the second injection. These 
results give some indication of the therapeutic 
level of antimony for D. immitis in that this level 


was apparently approached with a single injection 
at this close rate. However, as a regular practice, 
such a dosage schedule is not feasible for many 
toxic reactions appear even though death may not 
supervene after such a large single injection of* 
antimony. 

The number of intravenous injections required 
to render dogs microfilariae free with a number of 
different antimony compounds is shown in figure 1. 
Twenty-eight of 29 dogs treated with 16 different 
compounds six days per week at the rate of 0.8 
mgm. of antimony per kilogram of body weight 
were freed of microfilariae. The successful chemo- 
therapeutic agents consisted of four alpha hydroxy 
acid derivatives, three phenolic derivatives, eight 
polyhydric alcohol derivatives, and a suspension of 
antimony oxide. The one unsuccessful treatment 
was with sodium antimonyl bis-catechol. We are 
aware that adequate numbers of dogs have not 
been treated to establish the value of any single 
compound but with one exception it appeared that 
the above-mentioned compounds given in adequate 
dose rates for a sufficient length of time will eradi- 
cate circulating microfilariae without regard to 
chemical constitution. 

In only one dog has there been a recurrence of 
microfilariae. This dog was treated with seven 
doses of sodium antimonyl xylitol and the micro- 
filariae reappeared in the peripheral circulation four 
months after the last injection. It is interesting 
to note that since the reappearance of the micro- 
filariae there has been a daily increment of about 
100 microfilariae per cc. of circulating blood. We 
have kept many treated animals under observation 
for four to eight months and in no other instance 
has there been a recurrence of circulating micro- 
filariae. 

During the first four or five days of successful 
treatment, microfilariae counts were observed to 
remain relatively constant or in some instances to 
increase. Thereafter the count dropped precipi- 
tously to zero or fell to zero over the next two or 
three days. 

Early in the experimental study it was observed 
that there was a differential killing of microfilariae 
and of adult fUariids. In untreated as well as in 
the treated dogs having low initial microfilarial 
counts, no adult parasites were generally found in 
the heart. However, in dogs having higher initial 
counts, some of the adult worms were usually found 
alive at autopsy even though the microfilariae had 
long since disappeared from the peripheral circu- 
lation. i 
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When available, one adult female D. immitis was 
selected from each dog at autopsy for histological 
study to determine whether the drug employed had 
been responsible for any damage to the nematode 
tissue. The worm was wound around a short 
length of glass tubing and the ends fixed with small 
rubber bands. The cuticle was lightly pierced in 
several places and the preparation placed in for- 
malin. The worm was kept on the glass rod during 
the period of dehydration and infiltration prepara- 
tory to imbedding and staining. This technique 

NUMBER OF INTRAVENOUS INJECTIONS AT 
TO ELIMINATE CIRCULATING 

COMPOUND ~ 

ALPHA HYDROXY ACID DERIVATIVES 

LITHIUM ANTIMONYL THlOMALATE (ANTHlOMALlNE ) 
p-PKEMETlOIHE ANTIMONYL TARTRATE 
POTAMtUM ANTWONYL TARTRATE (TARTAR EMETIC) 

UREA ANTIMONYL TARTRATE 


filariae had disappeared from the peripheral circu- 
lation. These changes did not occur in the uteri of 
parasites from unsuccessfully treated dogs. The 
exact nature of these changes will be described in a 
later publication. 

TREATMENT OF COTTON RATS WITH ANTIMONY 
COMPOUNDS 

Two infected cotton rats were treated with 40 
intramuscular injections each of p-phenetidine 
antimonyl tartrate, p-amino-phenol antimonyl tar- 

0.8 Mg. Sb./Kg. OF BODY WEIGHT REQUIRED 
MICROFILARIAE FROM DOGS 

NUMBER OF INJECTIONS 



PHENOLIC DERIVATIVES 

3T180PHEN (FUAOIN) 

PODIUM ANTIMONYL CATECHOL THlOSALICYLATE (3TIBB0L) 
SODIUM ANTIMONYL 4-TERTlARY BUTYL CATECHOL 



POLYHYDRIC ALCOHOL DERIVATIVES 

SODIUM ANTIMONYL GLYCEROL 
SODIUM ANUMONTL 0, L-ERTTHRITOL 
SODIUM ANTIMONYL AOONiTOL 

SODIUM ANTIMONYL O-ARAttTOL 

SODIUM ANTIMONYL XYLITOL 

SODIUM ANTIMONYL METHYLENE D-30RBIT0L 
•ODIUM ANTIMONYL 2,S METHYLENE D-MANNITOL 
SODIUM ANTIMONYL L-FUCITOL 

I N OR G A NIC ANTIMONY 

ANTlNONOUe OXIDE SUSPENSION 



I TREATMENT DISCONTINUED AfTER I? INJECTIONS , OOOH BLOOO BECAME FREE OF MICROFILARIAE 90 DAYS LATER, 
t MICROFILARIAE DISAPPEARED AFTER SIX INJECTION* »UT REAPPEARED IE* DAYS LATER 


Fig. 1 


32 


had the advantage that the worm was preserved 
in the shape of a spiral vrhich could be embedded in 
paraffin and then sectioned through the axis of the 
coil. The stained and mounted material then con- 
sisted of a series of cross sections of the worm at 
11 mm. intervals. These preparations were ex- 
amined by Doctors Theodore L. Perrin and L. L. 
Ashburn of the Pathology Laboratory. 

The evidence indicated that certain changes had 
taken place in the uterine contents of adult female 
D. immitis recovered from 23 dogs in which micro- 


trate, o-pkenetidine antimonyl tartrate, Stibsol, 
and Parke Davis and Co. No. 098429 2 respectively 
at the rate of 3.3 mgm. of antimony per kilogram of 
body weight. The adult Litomosoidcs carinii were 
found to have been killed when the animals were 
autopsied two months after the completion of the 
treatment. Although microfilariae were still pre- 
sent at the end of the period of observation, they 

2 We are indebted to Doctor L, A. Sweet of Parke, 
Davis and Company for his courtesy in furnishing this 
compound. 
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had decreased to one-tenth or less of their original 
numbers. 

Two infected cotton rats were treated with 12 to 
18 intraperitoneal injections each of sodium anti- 
monyl xylitol, sodium antimonyl arabitol, sodium 
antimonyl adonitol, and sodium antimonyl erythri- 
tol respectively at the rate of 0.8 mgm. of anti- 
mom’- per kilogram of body weight. In none of 
these animals were there observed evidences of 
beneficial results from the treatment. 

These results indicate that cotton rats tolerate 
relatively large doses of antimonyl compounds, for 
evidences of toxicity were not observed with the 
use of doses that would be fatal to dogs after several 
injections. During the experimental studies, it 
was observed that there was a differential killing 
of microfilariae and of adult filariids. In the case 
of D. immitis, microfilariae were eliminated with 
the smaller doses of various compounds without 
obvious injury to some of the adults. In the case 
of L . carinii , the adults were killed before the 
microfilariae disappeared from the circulation. 

TOXICITY or ANTIMONY COMPOUNDS 

As a criterion of acute toxicity, the amount of 
antimony per kilogram of body weight that would 
kill 50 per cent of white mice within eight hours 
after intraperitoneal injection was determined on 
32 compounds. This will be referred to as the LD 
50 dose. The results of these determinations are 
shown in table 1 in the descending order of toxicity. 
It will be noted that the least toxic compound, 
sodium antimonyl x-fucitol, is less than one-third 
as toxic as the most toxic compound, urea anti- 
monyl tartrate. This table fails to reveal any 
direct relationship of the chemical structure or the 
hydrogen ion concentration to the acute toxicity. 

No correlation is revealed by a comparison of the 
acute toxicity of a compound and the number of 
injections required to free the dog of circulating 
microfilariae. The relationship of these two fac- 
tors is shown hy table 2. An arbitrary figure de- 
rived by dividing the number of treatments by the 
LD 50 dose, however, does give a definite^ indica- 
tion of the comparative usefulness of these com- 
pounds. The compound having the lowest ratio is 
sodium antimonyl 4-tertiary butyl catechol 3 . This 
compound is insoluble in aqueous solutions and for 

injection was dissolved in propylene glycol which 

\ 

3 The 4-tcrtiary butyl catechol used in the synthesis 
of the sodium antimonyl 4-tertiary butyl catechol was 
furnished through the courtesy of Pr. Howard S. 
Mason. 


TABLE 1 

The acute toxicity and the hydrogen ion concentration of 
various antimonyl compounds 


COMPOUND 

LD SO (mo. 
Sb/KG. 

BODY WT. 
POE. WHITE 
MICE) 

pH OF 0 . 1 % 
AQUEOUS 
SOLUTIOK 

Urea antimonyl tartrate 

14.4 

5.4 

p-Aminophenol antimonyl tar- 
trate 

15.4 

4.3 

m-Phenetidine antimonyl tar- 
trate 

16.1 

3.5 

Lithium antimonyl thiomalate 
(anthiomaline) 

16.5 

8.7 

m-Aminophenol antimonyl tar- 
trate 

16.8 

3.6 

Sodium antimonyl D-mannitol . . 

16.8 

11.5 

Sodium antimonyl citrate 

18.4 

4.2 

Sodium antimonyl biscatechol. . . 

18.6 

7.9 

Parke Davis and Co. no. 098429. 

18.8 

8.0 

Potassium antimonyl tartrate 
(tartar emetic) 

19.3 

5.2 

o-Aminophenol antimonyl tar- 
trate 

19.5 


Sodium antimonyl glycerol 

19.5 

11.7 

o-Toluidine antimonyl tartrate. . 

19.6 

3.7 

Sodium antimonyl D-arabitol . . . 

19.9 

11.4 

Sodium antimonyl adonitol ..... 

21.0 

10.1 

o-Phenetidine antimonyl tar- 
trate 

21.1 

3.7 

p-Toluidine antimonyl tartrate. . 

22.1 

3.6 

Sodium antimonyl catechol 
thiosalicylate (stibsol) 

23.9 

6.5 

Sodium antimonyl tertiary butyl 
catechol 

1 24.6 

1 7.5 

p-Phenetidine antimonyl tar- 
trate 

24.9 

4.S 

Aniline antimonyl tartrate 

26.1 

3.4 

p-Anisidine antimonyl tartrate . . 

28.2 

3.8 

m-Anisidine antimonyl tartrate,. 

28.3 

3.4 

m-Toluidine antimonyl tartrate. 

28.7 

3.5 

o-Anisidine antimonyl tartrate . . 

29.0 

3.5 

Sodium antimonyl 2,4 methylene 
D -sorbitol 

31.8 

11.4 

Sodium antimonyl xylitol 

33.3 

10.5 

Sodium antimonyl ery thritol 

34.4 

11.2 

Sodium antimonyl gluco-gulo- 



hep ti tol 

34.7 

10.2 

Stibophen (Fuadin) 

35.2 

6.9 

Sodium antimonyl 2 , 5 methylene 
D-mannitol 

44.2 

11.2 

Sodium antimony] D-furitol 

46.4 

11.5 


had the disadvantage of causing considerable local 
irritation. Although the next six compounds 
shown in table 2 have been used successfully for the 
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treatment of 20 dogs, further investigations are 
necessary to determine the best compound for trial 
against human filariasis, These investigations 
must include consideration of the availability of 
the basic chemicals and the stability of the product. 

SUMMARY AND CONCLUSIONS 

Four dogs harboring Dirofilaria immilis were 
treated with three mercury compounds — mercury 

TABLE 2 


Ratios of toxicity and efficacy of compounds used against 
Dirofilaria immitis 


COMPOUND 

AVERAGE 
NUMBER OP 
TREATMENTS 
REQUIRED 
AT 0.8 MG. 
Sb/KG. 

LD 50 

ratio: 

NO. treat- 
ments 

LD 50 

Sodium antimonyl ter- 
tiary butyl catechol. . . 

4 

24.6 

0.16 

p-Phenetidine antimonyl 
tartrate 

5 

24.9 

0.20 

Sodium antimonyl 2,5 
methylene D-mannitol. 

10 

44.2 

0.23 

Sodium antimonyl xylitol. 

8.4 

33.3 

0.25 

Stibophen (Fuadin) ..... 

9.5 

35.2 

0.27 

Sodium antimonyl adoni- 
tol 

6 

21.0 

0.29 

Sodium antimonyl eryth- 
ritol 

10 

34.4 

0.29 

Potassium antimonyl tar- 
trate (tartar emetic).. . 

7 

19.5 

0.36 

Lithium antimonyl thio- 
malate (anthiomaline) . 

6 

16.5 

0.36 

Sodium antimonyl cate- 
chol thiosalicylate 

(stibsol) 

9 

23.9 

0.3S 

Sodium antimonyl d- 
arabitol 

8.3 

19.9 

0.42 

Sodium antimonyl 2,4 
methylene D-sorbitol. . 

15 

31.8 

0.47 

Sodium antimonyl L- 
fudtol 

i 

32 | 

46.4 

0.69 

Urea antimonyl tartrate. . 

11 

14.4 

0.77 

Sodium antimonyl gly- 
cerol ; 

i 

15 

19.5 

0.77 


cyanide, mercury oxy cyanide, and mercury sue- 
cinimide. In spite of the fact that the dosage 
proved to be toxic, no therapeutic action was ob- 
served either on the microfilariae or adult worms. 

Preliminary investigations with trivalent anti- 
mony compounds indicated that the most favorable 
schedule of treatment consisted in the intravenous 
administration of six doses per week, each dose con- 


taining 0.8 mgm. of antimony per kilogram of body 
weight. With this schedule, the employment of 16 
different antimonyl compounds resulted in the 
elimination of microfilariae from the peripheral cir- 
culation of 28 of 29 dogs infected with D. immitis 
with no recurrence during an observation period of 
two to six months. Some of the adult worms were 
killed by the treatment; changes were evident in 
the uterine contents of living worms recovered at 
autopsy. 

Cotton rats infected with Litomosoidcs carinii 
were treated with nine antimonyl compounds. 
Five of these compounds in a dose rate of 3.3 mgm. 
of antimony per kilogram of body weight were well 
tolerated and were effective in killing the adult 
parasites. Four other compounds injected intra- 
peritoneally at a dose rate of 0.8 mgm. of antimony 
per kilogram of body weight failed to have any 
effect on L . carinii although they had proved to be 
effective for the elimination of tire microfilariae of 
D. immitis from the dog. 

Comparative data on the toxicity of 32 anti- 
monyl compounds were obtained by determination 
of the LD SO dose for albino mice. It was found 
that the number of injections required to eliminate 
the microfilariae from dogs was not definitely cor- 
related with the acute toxicity of the compound. 
Thus some compounds were found to have a higher 
therapeutic ratio than others. This difference has 
been indicated by dividing the number of treat- 
ments necessary for the elimination of microfilariae 
by a figure denoting the acute toxicity, thus provid- 
ing an index which was of value in selecting the 
more promising compounds for further therapeutic 
trials. * 

When due consideration is given to all factors 
involved, of the previously untried compounds it 
would appear that p-phenetidine antimonyl tar- 
trate, sodium antimonyl xylitol, sodium antimonyl 
2,5 methylene D-mannitol, sodium antimonyl 
adonitol, and sodium antimonyl crythritol would 
be the most promising for chemotherapeutic experi- 
ments in human filariid infections. The last three 
compounds are relatively unstable in solution but 
means can no doubt be found for maintaining 
stability. 
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, Of the many preparations tried in the treatment 
of infectipns with Witcher cria bancrofii (filariasis) 
in man, only compounds of antimony have thus far 
shown much promise of success (1). Unfortu- 
nately, these antimony compounds, as used, have 
appeared at best to exert only a distinctly tem- 
porary effect for although circulating microfilariae 
have often declined in number during treatment, 
within a few days or weeks after treatment ended 
they have generally become as numerous as they 
were originally, before treatment began. Re- 
cently, however, Brown (2), employing a trivalent 
antimony preparation, lithium antimony thio- 
malate (anthiomaline) , succeeded in eliminating all 
microfilariae from two patients and in sharply 
reducing their number in eight others among eleven 
blood-positive patients treated. Brown’s observa- 
tions covered from four to five (in one case, seven) 
months and revealed but small likelihood of the 
relapse of the infections. 

Two of the present authors (3) recently showed 
that when neostibosan, a pentavalent antimony 
preparation, was injected repeatedly to filaria- 

1 The authors wish to acknowledge the kindness of 
Dr. Pablo Morales Otero, Director of the School of 
Tropical Medicine, San Juan, Puerto Rico, in providing 
facilities for this study. They are grateful also to Dr. 
Ram6n Suarez and to Dr. F. Hernandez Morales, of 
University Hospital, San Juan, for their interest in the 
work. Their best thanks are extended, likewise, to 
Dr. Jos£ G&ndara, of the Insular Department of 
Health, who permitted treatment of certain patients 
in Hogar Insular de Ninas, Santurce, and Hogar In- 
sular de Ninos, Guaynabo, as well as to Dr. M. Pujadas 
Diaz, the Attending Physician of these institutions, 
who generously collaborated in the study. Finally 
acknowledgment is made of the helpful interest of 
Dr. James B. Rice, Director of Medical Research of the 
Winthrop Chemical Company, which supported the 
work. 

2 Read at the Fortieth Annual Meeting of the Amer- 
ican Society of Tropical Medicine, at St. Louis, Mo. 
November 13-16, 1944. 


infected cotton rats, the adult filarias were killed 
in the pleural space and the microfilariae gradually 
disappeared thereafter from the blood of the ani- 
mals. The action of the drug appeared to be di- 
rected chiefly against the adult worms, since micro- 
filariae continued to persist although in slowly 
diminishing numbers for weeks or even for months 
after the adult worms were dead. Because of the 
success which attended the administration of neo- 
stibosan in the cotton rat filaria infection, and 
because of the excellent tolerance man is known to 
have for this compound, it was decided to test the 
activity of the drug in persons harboring Witcher - 
eria bancrofii. Arrangements were made to per- 
form the tests in Puerto Rico, West Indies, where 
infection with Wuchereria bancrofii is relatively 
common. As will be seen, microfilariae have dis- 
appeared from the blood or have been reduced in 
number for at least six months in a majority of the 
patients treated. 

GENERAL PROCEDURE 

The patients . Of the thirty patients w'hich w'ere' 
treated with neostibosan, five (Nos. 9, 11, 12, 13, 
and 14 of table 1) w r ere outpatients of University 
Hospital in San Juan. All of the five were males 
v T ho had been rejected for military service because 
of filariasis, and w T ho were employed as mechanics 
or as water-front workmen. Of the remaining 
twenty-five patients, all of whom w'ere between 8 
and 17 years of age, fifteen (females) were students 
at Hogar Insular de Ninas, Santurce, and ten 
(males) were students at Hogar Insular de Ninos 
at Guaynabo. None of the thirty patients, except 
No. 12, presented symptoms of filariasis; all w r ere 
in apparent good health and engaged throughout 
the period of treatment in their usual activities as 
workmen or as students. Patient No. 12, who had 
been afflicted for several years with periodic chy- 
luria, was brought into the hospital especially for 
this treatment. All of the thirty patients had 
microfilariae in the night blood. 
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The fifteen control patients (males) all were stu- 
dents at Hogar Insular dc Ninos at Guaynabo. 
None had ever presented symptoms of filariasis and 
all were in apparent good health. The infections 
in these persons were discovered during a sumy 


48 days. All injections were made intraven- 
ously. 

The drug as used was well tolerated and had to 
be discontinued because of toxicity in none of the 
patients. The only distress observed was occa- 


TABLE 1 


Microfilaria counts in thirty patients with filariasis treated with tieostibosan 


CASE 

NO. 

_ 

i 

AGE | 

SEX j 

! 

WEIGHT 

DRUG 

GIVEN 

INTERVAL 

OF 

TREATMENT 

NO. OF MICROFILARIAE IN 60 CUM. BLOOD FROM TREATED 
PATIENT AT DESIGNATED TIKES 

MICROFILARIA 
LEVEL, % 
s CHANCE, ENTIRE 
FFRIOD OF 
OBSERVATION 

Before 

treatment 

At end of 
treatment 

2.5 monlhi 
after end 
of treat- 
ment 

; 4.5 month: 
after end 
of treat- 
ment 

; 6.0 month: 
after end 
of treat- 
ment 


! 

! 


lbs.\ 


days 







1 

11 

F 

60 1 

7.2 

40 

3 

0 

0 

0 

0 

~100 

2 

8 

F 

50 

4.6 

33 

9 

0 

0 

0 

0 

-100 

3 

10 

F 

48 

5.8 

33 

24 

6 

0 

0 

0 

-100 

4 

16 

F 

106 

7.2 

40 

15 

36 j 

8 

0 

0 

i 

h-* 

o 

o 

5 

14 

F 

100 

7.2 

40 ■ 

41 1 

36 | 

9 

2 

0 

-100 

6 

12 

M 

73 

7 5 

39 

21 j 

51 

6 

1 

0 

-100 

7 

17 

M 

134 

8.1 

39 

27 

42 

27 

6 

0 

-100 

8 i 

13 

F 

102 

7,2 

40 

216 

204 

141 

124 

6 

-97 

9 ! 

21 

M 

146 

7.2 

38 

36 

12 

0 

1 

— 

-97 

10 

13 

M 

79 

8.1 

39 

255 

204 

57 

30 

14 

-94 

11 

26 

M 

112 

10.5 

47 

150 

120 

66 

29 

10 

-93 

^ 12 

21 

M 

125 

7.6 

48 

15 

61 

— 

2 

1 

-93 

13 | 

15 

F 

93 

6.8 

40 

231 

207 

SI 

48 

21 

-90 

14 ! 

18 

M 

138 

10.4 

47 

18 

42 

21 

1 

2 

-88 

15 

12 

M 

87 

8.1 

39 

6 

6 

3 

2 

i 

-83, 

16 

15 - 

M 

114 

8.1 

39 

33 

15 

15 

4 

10 

-69 

17 

16 

F 

112 

7.1 

40 

120 

126 

72 

60 

42 

-65 

18 

13 

M 

71 

8.1 

39 

630 

624 

345 

249 

217 

-65 

19 

13 

M 

76 

7.5 

39 

297 

294 

171 

84 

111 

-63 

20 

16 

F 

102 

6.9 

40 

136 

126 

511 

63 

49 

-63 

21 

12 

F 

: 74 

6.5 

40 

27 

54 

18 

9 

12 

-55 

22 

16 

F 

' 85 

6.0 

40 

154 

129 

138 

123 

81 

-47 

23 

13 

M 

1 76 

1 8.1 

40 

72 

120 

72 

46 

39 

-43 

24 

11 

M 

58 

6.9 

39 

177 

96 

114 

64 

111 

-37 

25 

14 

F 

138 

7.2 

40 

129 

156 

84 

76 

87 

-32 

26 

14 

F 

91 

7.1 

40 

78 

87 

90 

31 

56 

-28 

27 : 

11 

M 

56 

7.3 

33 

18 

9 

9 

2 

15 

-19 

28 ! 

8 

F 

52 

6.4 

33 

123 

93 

90 

129 

109 

-11 

29 ! 

14 

F 

140 

7.0 

40 

216 

255 

180 

150 

199 

-7 

30 | 

16 

F 

118 

6.2 

33 

54 

66 

66 

51 

121 

+124 


made upon the bloods of all the students at the 
institution. 

The administration of drug . During the first 
week of treatment, every patient was given graded 
doses of neostibosan, beginning usual!}" with SO 
mgm. and working up to 300 mgm. in three injec- 
tions" on alternate days. Thereafter, 300 mgm. of 
the drug were given in a single dose six days per 
week usually, until treatment ended in from 33 to 


sional nausea or emesis, these being seen within an 
hour after the injection of drug chiefly during the 
early days of treatment. 

The estimation of microfilariae. The number of 
microfilariae in each patient was estimated by 
actual count of all parasites in 60 cram, of finger 
blood. Blood samples were taken from every pa- 
tient before treatment began and at frequent inter- * 
vals, at least once weekly, during treatment. 
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Similar blood samples were obtained, always at pre- 
cisely the same hour of night, two and one-half, 
four and one-half, and six months after treatment 
ended. From the control untreated patients, 
similar blood samples were procured at intervals 
over seven and one-half months, always, for a given 
patient, at the same hour every night. The blood 
films were dehemoglobinized in distilled water, 
fixed in methyl alcohol and ether (50% each), 
stained with Bullard’s hematoxylin, partially de- 
stained in 0.5 per cent alcohol, and washed in water 
prior to examination. The numbers of micro- 
filariae shown in tables 1 and 2 represent the actual 
numbers seen and counted in 60 cmm. of each pa- 

TABLE 2 


Microfilaria counts in untreated control patients with 
filar in sis 


PATIENT 

xo. 

ACE 

i 

1 

NTTHBER. OP MICROFILARIAE IX 

60 CMM. FROM BLOOD FROM UN- 
TREATED PATIENTS AT DESIGNATED 
TIMES 

MICRO- 
FILARIA 
LEVEL, % 
CHANGE, 
ENTIRE 
PERIOD OF 
OBSERVA- 
TION 

When 
first ob- 
served 

After 

1.0 

month 

After 

<50 

month 

After 

7.5 

month 

1 

14 

360 

303 

31S 

333 

-7.5 

2 

13 

45 

21 

27 

45 

0 

3 

12 

309 

— 

383 

343 

+11 

4 

14 

63 

3 

22 

76 

4-20 

5 ! 

14 

135 

153 

162 

203 

+50 

6 1 

12 

315 

2S5 

333 

481 

+52 

7 

12 

27 

31 

36 

45 

+66 

8 i 

17 

27 

— 

31 

54 

+100 

9 ; 

14 

42 

66 

52 

87 

+107 

10 

16 

3 

6 

6 

7 

1 +133 

11 ' 

14 

6 

6 

9 

15 

+150 

12 

14 

9 

6 

13 

25 

+177 

13 

9 

87 

— 

175 

247 

! +183 

14 

14 

27 

31 

55 

106 

! +292 

15 1 

i 

8 

3 

— 

! 15 

30 

+900 


Sex: ail are males. 


tient’s blood by searching the entire film under 
lOOx magnification. 

RESULTS 

By the end of the period of treatment, micro- 
filariae had disappeared from the blood of only two 
patients. Both of these persons prior to treatment 
had had only very low microfilaria counts. Among 
the remaining twenty-eight treated patients, no 
very sharp reduction in microfilaria levels was 
observed, and, in many, parasite counts at the end 
of the period of treatment were somewhat higher 
than they had been before treatment began . Dur- 


ing the six months after treatment ended, however, 
microfilaria levels gradually declined in most of the 
treated patients. In fifteen of the thirty patients, 
these counts declined at least SO per cent and from 
seven of these fifteen persons, all of the parasites 
evidently had disappeared. In only one of the 
thirty treated patients did the microfilaria level 
fail to decline. The microfilaria counts and other 
relevant data on the thirty treated patients are 
given in table 1. 

Among the fifteen control untreated patients the 
parasite counts declined in only one individual and 
remained unchanged in another over a period of 
seven and one-half months. Of the remaining 
thirteen controls, all showed a rise in parasite level, 
and in eight of the thirteen persons this rise 
amounted to at least 100 per cent of the initial 
count. Furthermore, eight of the control patients 
showed an increase in the number of parasites at 
each successive sampling over the seven and one- 
half months of observation. The microfilaria 
counts and other data on the fifteen untreated con- 
trol patients are given in table 2. 

DISCUSSION 

The authors appreciate the considerable limita- 
tions of the results obtained in this work. It is 
obvious that no reduction or only insignificant 
change occurred in the microfilaria levels in 25 per 
cent of the patients treated. Yet it can be pointed 
out that parasite counts declined more than 40 per 
cent in all others — i.e., in 75 per cent of the treated 
patients. From only seven patients, and these 
with relatively low initial microfilaria levels, have 
all microfilariae evidently disappeared by the sixth 
month after treatment ended, yet by this time 
eleven others — including some of those with the ’ 
highest initial parasite counts — reached their low- 
est microfilaria levels for the period of observation 
and were still evidently declining. In contrast, the 
parasite levels in all but two of the fifteen control 
untreated patients rose steadily during this in- 
terval. 

The general rise in the microfilaria counts of the 
control patients requires comment. The authors 
believe this rise due to the fact that the control 
patients, like most of the treated patients, were 
young and had probably harbored their infections 
for a relatively brief period before first observation. 
Consequently, microfilariae probably were still 
accumulating in the blood of the untreated persons. 
The decline in microfilariae among the treated per- 
sons, then, assumes added significance. 
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One of the unusual observations in this work was 
the tardiness with which the effects of treatment 
manifested themselves, a significant drop in the 
microfilaria counts not occurring until weeks after 
the treatment ended. If the results previously 
observed in the treatment of cotton rats (3) can be 
carried' over to the human infection, however, it 
may well be that the drug affects or kills chiefly 
the adult parasites and that the microfilariae dis- 
appear from the blood in their own good time only 
after the adult worms are dead, and independently" 
of direct effects of the antimony. 

It should be pointed out, finally, that these pa- 
tients were not treated intensively". The usual 
daily dose of neostibosan, which is recommended 
by the manufacturer for treating kala azar, was 
employed. Treatment was discontinued because 
of toxic effects of the drug in not a single patient. 
All but one case (no. 12, with chyduria) were en- 
gaged in their usual activities during the whole of 
the period of treatment. It is our belief that much 
better results than are presented in this paper could 
be obtained if the amount of neostibosan given 
were substantially increased, or else administered 
over a briefer period. 

SUMMARY AND CONCLUSION 

Thirty patients with filariasis (Wnckcrcria ban - 
crojti) were treated with neostibosan for intervals 
ranging from 33 to 48 day's. By- the sixth month 


after treatment ended, microfilariae had disap- 
peared from seven of the patients and had declined 
in all but one individual. In fifteen of the thirty" 
treated patients, over 80 per cent of the micro- 
filariae were lost during the’ six months of ob- 
servation. 

Among fifteen control untreated patients with 
filariasis, followed for the same period as those 
under treatment, thirteen persons showed an in-, 
crease in microfilariae, one showed a small decline, 
and one presented no change in the number of cir- 
culating parasites. 

Neostibosan has, therefore, appeared to exert a 
significant effect as a therapeutic agent in cases of 
filariasis bancrofli. It is impossible, however, as 
yet, to determine whether this effect is permanent, 
or subject to eventual relapse. 
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Following the report of Mahoney, Arnold and 
Harris (1) on the treatment of early syphilis with 
penicillin it seemed of interest to determine the 
effect of this drug on the closely allied spirochetal 
disease, yaws. This report is a preliminary note 
on the results of treatment of five cases of early 
yaws. 

method 

The patients were chosen from a group of Mela- 
nesians who came to a native hospital in the New 
Guinea area for treatment of their yaws. Syphilis 
had never been observed in this native group. In 
order further to exclude the possibility of their 
having syphilis, only young patients with what was 
considered to be typical yaw’s were chosen for 
study. They received no treatment other than 
the penicillin. 

Darkfield examinations of the lesions were car- 
ried out prior to treatment and on the day after 
treatment was begun. In each case several prepa- 
rations were made and examined by two observers. 
Specimens of blood were obtained before treatment 
and two and three weeks after beginning treat- 
ment. The standard Kahn qualitative test was 
done on each specimen. 

DOSAGE 

Case 1 received 250,000 units of penicillin given 
in doses of 25,000 units intramuscularly every 4 
hours. The other 4 cases each received 400,000 
units given in doses of 20,000 units 5 times daily 
at 4 hour intervals. 

CASE REPORTS 

Case 1, a 15 year old girl, had a single, rounded, 
nodular lesion 2 cm. in diameter on the right elbow\ 
Darkfield examination of this lesion shovrcd very 
numerous Tarponcma pcrtcnuc , Fifteen hours 
after starting treatment no spiral forms could be 
found. The lesion healed well, being considerably 
smaller in one week, and at 3 wrecks only a very 
small healed nodule vras present. 

Case 2, a boy age 6, had a small raspberry lesion 

1 Captain, MC, AUS. 
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1.5 cm. in diameter on the nose and a large, thick, 
secondarily infected lesion on the buttock measur- 
ing 8 cm. in diameter. Darkfield examination of 
the nasal lesion was positive. The darkfield exami- 
nation was repeated 24 hours after treatment was 
begun and no spiral forms could be found. The 
nasal lesion healed w T ell, and in 9 days only a small 
depigmented area was visible at the site of the 
lesion. The large lesion on the buttock looked 
much cleaner and drier within two days and healed 
rapidly thereafter. At 3 weeks it was almost com- 
pletely healed. 

Case 3, a boy age 4, had a flat condylomatous 
type of lesion 6 cm. in diameter in the intergluteal 
region. The lesion w r as a large, raised plaque, with 
a glistening, moist, reddish surface. It was dark- 
field positive before treatment and negative 24 
hours after starting treatment. After about 48 
hours the lesion appeared dry except in one small 
area in the center, and there w*as definite evidence 
of healing at the periphery. Following this there 
was further drying of the lesion and by the second 
and third w r eeks marked healing had occurred. 

Case 4 and 5, age 1 and 4 years respectively, had 
lesions almost identical with that of Case 3, and 
were thought to be typical yawrs. Several dark- 
field examinations of these lesions were negative. 
In both cases the healing of the lesions was good 
and proceeded at about the same rate as in Case 3. 

serology 

All cases had a positive (4 plus) Kahn reaction 
before treatment and also at the second and third 
weeks after starting treatment. An attempt was 
made to follow the serologic reactions for a longer 
period, but this was unsuccessful as the natives 
always disappeared w’hen the local lesions had been 
cured. 

COMMENT 

Tw*o criteria were available in equating the 
efficacy of penicillin in these cases: first, the dis- 
appearance of the surface organisms, and ^cond 
the healing of the local lesions. In the first in- 
stance the change from a positive to a negative 
darkfield within 24 hours in 3 cases indicates a 
favorable response and is comparable with the 
275 
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results obtained in the treatment of early syphilis 
with arsenical drugs and with penicillin. As far 
as the second criterion is concerned the rate of 
healing compared favorably with that we observed 
in numerous similar cases of yaws treated with 
relatively large doses of neoarsphenamine every 5 
days. This type of yaws lesions when untreated is 
said to last from 3 months to 2 or 3 years (2). 
Spontaneous healing would thus not have been 
expected in this short period of observation. 

SUMMARY 

Five cases of early yaws were treated with peni- 
cillin. The drug caused healing of local lesions in 


all five cases that was comparable to the favorable 
effect usually obtained with arsenical drugs. In 3 
darkfield positive cases the drug caused prompt 
disappearance of the surface organisms. It is felt 
that further experimental trial of penicillin is indi- 
cated in this disease. 
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In the diagnosis of acute amebic dysentery, it is 
most essential to secure a freshly voided stool for 
the detection and identification of trophozoites of 
Endamoeba histolytica. However, the question is 
frequently raised ns to whether such n sample of 
stool should be left at room temperature, or in a 
refrigerator, or in an incubator prior to examina- 
tion. In view of the possibility that a delay in 
examination may occur for one reason or another, 
and that an additional sample of stool may not be 
obtainable, the question is one worthy of careful 
consideration. Just how long trophozoites of 
Endamoeba histolytica ordinarily live in fecal matter 
outside of the body is still to be determined. This 
paper embodies the results obtained in an attempt 
to reach a workable solution. It is hoped that 
these findings may serve as an aid to those engaged 
in the diagnostic procedures. 

METHODS 

Among cases of clinical amebiasis which came 
under our observation recently, the following six 
eases were chosen, as the stools were typical of 
acute amebic dysentery and harbored only tropho- 
zoites of End amoeba histolytica. Variable propor- 
tions of the amebae ingested red blood cells in each 
instance. No cysts were found. 

Each stool received for examination was divided 
into approximately three equal portions and placed 
in clean tightly covered containers. They were 
then exposed to varying environmental tempera- 
tures, i,e., room temperature varying from 
22°-25°C. r incubator temperature at 37°C., and 
refrigerator temperature at 5°C. No attempts 
were made to modify the consistency or reaction of 
the stool during the course of the experiment. 
Microscopical examination of a bit of stool taken 
from each sample was made at varying time inter- 
vals, and the survival time of the trophozoites 
determined chiefly on the basis of motility. Cul- 
ture method (1) as well as permanent stained 

1 Read at the Fortieth Annual Meeting of the Amer- 
ican Society of Tropical Medicine, at St. Louis, Mis- 
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technic, were utilized to substantiate the findings 
whenever deemed necessary. 

A small portion of dysenteric stool from each 
ease was inoculated into the culture medium. 
Luxuriant growth of the organisms usually oc- 
curred after several transfers were made at every 
two days interval. These culture amebae were 
similarly exposed to the varying temperatures as 
above and the behavior of the trophozoites studied 
in order to determine any variation that might be 
induced by the cultivation of the organisms. 

TABLE 1 


Survival time of trophozoites of E. histolytica at varying 
temperatures 


CASE NO. 

i 

STRAIN 

ROOM TEM- 
PERATURE 

(22*-25°C.) 

REFRIGERA- 
TOR tem- 
perature 
(5*C.) 

INCUBATOR 
TEMPERA- 
TURE (37* 

C.) 



hours 

hours 

hours 

1 

C.R. 

16 

96* 

5 

2 

! WAV. 

; 8 

72 

3 

3 

! R.A. 

6 

48 

2 

4 

E.V. 

8 

96 

3 

5 

J.G. 

10 

72 

4 

6 

G.T. 

12 

72 

5 


* One sample — 9 days. 


OBSERVATIONS 

It was found that among the strains of 
Endamoeba histolytica studied, there seemed to 
exist differences in temperature tolerance as indi- 
cated in table 1. 

In looking over table 1, we may say that the 
trophozoites of Endamoeba histolytica were found 
to survive the longest time at the refrigerator tem- 
perature and the shortest time at incubator 
temperature. The time of survival at room 
temperature was intermediate. Thus, in these 
strains, the survival time of the trophozoites 
ranged from 48 to 96 hours at refrigerator tempera- 
ture; 6 to 16 hours at room temperature, and 2 to 
5 hours at incubator temperature. Though the 
number of amebae exposed to these varying tem- 
peratures rapidly decreased from hour to hour, 
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the few which survived showed no apparent sign 
of degeneration. They were able to maintain the 
pscudopodial extrusion, though lacking in the 
characteristic directional motility. This was in- 
duced, however, in most instances by examining 
the material in a warm chamber, or by the use of 
a substage lamp which provides necessary warmth. 
In one of the specimens (ease 1), it is interesting 
to observe that eiythrocvtcs were still present 
within a few amebae that survived as long as nine 
days at refrigerator temperature, and showed no 
evidence of hemolysis. Upon application of the 
warmth as described, there was a more or less 
constant agitation of the red blood cells within the 
amebae and this was later followed by explosive 
extrusion of ectoplasm, first in one direction and 
then in the other. Following a number of such 
pscudopodial extrusions, alternated with retrac- 
tions, some of the amebae assumed a somewhat 
elongated shape and exhibited a slowly progressive 
motility. In none of these amebae were we able 
to observe the progressive motility characterizing 
the amebae in freshly voided stools. However, 
in all instances, the viability of the amebae was 
verified by the use of culture medium, since seem- 
ingly quiescent organisms were often found to be 
able to multiply and exhibited the characteristic 
motility following cultivation. 

As the time of exposure became prolonged, the 
number of the amebae was gradually decreased 
until finally none could be found microscopically 
or by culture. Upon exposure to the incubator 
temperature, the amebae appeared to undergo 
more rapid degeneration. As a rule, they arc able 
to survive no longer than a few hours. This may 
be explained by the detrimental effect of the ever- 
increasing bacterial population and the accumula- 
tion of their metabolic bi-products. 

Simultaneously with a rapidly decreasing popu- 
lation of the amebae from day to day, some of them 
became degenerated by shrinkage of the proto- 
plasm leading to a complete disintegration or else 
appeared as if “baked” or “mummified.” The 
latter were the types occasionally met with when 
the stool was left standing in an incubator for a 
prolonged period of time. 

In this study no attempts were made to deter- 
mine the survival time of the trophozoites of E . 
histolytica under conditions of strict anaerobiasis, 
nor was a buffer solution, which might modify the 
longevity of the parasites, added to the stool. 
Studies along this line are now in progress. 

It is known that the morphology of degenerating 
trophozoite of E . histolytica in stained preparation 


may often be mistaken for the trophozoite of 
End amoeba colt . Craig (2) describes it as possess- 
ing the thicker nuclear membrane, irregularly 
massed peripheral chromatin granules and larger 
kaiyosomc, together with considcrablcchromatins 
in the nuclear interspace. In evaluating the 
suitability of a stool sample for definite diagnosis 
in Hie event of delay in examination, the above 
factor was taken into consideration along with the 
motility of the organisms, either natural or in- 
duced, and the extent of visibility of the nucleus. 
Furthermore, the cultivability of the organisms 
was determined particularly in the absence of the 
characteristic motility and of red blood cells within 
the amebae. On the basis of these evidences we 
may say in general that an accurate identification 
can best be attainable by immediate examination 
of a freshly voided stool. However, should a 
delay in examination occur, the specimen may be 
allowed to stand at room temperature up to three 
hours with no apparent Joss of characteristic 
morphology necessary for definite diagnosis. If 
examination can not bo made within this time, 
the specimen may be placed in a refrigerator but 
it should never be placed in an incubator at any 
time. In ease the typical directional motility is 
not observable, the diagnosis should await the 
outcome of culture study including the examina- 
tion of permanent stained preparation of culture 
amebae. 

The survival time of culture amebae, similarly 
exposed to varying temperatures as above, presents 
a somewhat different picture. Irrespective of the 
source of the organisms, the behavior of the 
amebae, once grown in culture, apparently exhibits 
essentially the same degree of temperature toler- 
ance. Thus, they were able to survive for 2 days 
at room temperature and 3 days at refrigerator 
temperature. As contrasted with the brief period 
of survival of trophozoites in the original stool 
when exposed to incubator temperature, some 
of the culture amebae were able to maintain vi- 
ability for as long as four days. However, one 
should not lose sight of the fact ithat not only does 
the culture provide necessary nutriment for the 
growth of the amebae, but a certain proportion 
of the organisms has undergone encystment during 
the course of cultivation. 

In the culture medium, following more or less a 
prolonged period of incubation at 37°C., mum- 
mified amebae were frequently encountered. 
Mummification may also occur in various tissue 
cells as the result of degeneration. • It is suggested, 
therefore, that repeated examinations of stools 
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may become necessary to rule out the possibility 
of amebae being responsible for the presence of 
such forms in the culture medium. 

Rivas (3) was probably the first to study the 
effect of temperature upon E. histolytica and re- 
ported that low temperature, instead of detri- 
mental was found to prolong the life of the parasite. 
Thus, upon exposure to outdoor temperature at 
— 5°C., the amebae were able to survive over 24 
hours. The present report amply supports Rivas’ 
findings and stresses further the importance of 
proper handling of stools of acute amebic dysentery 
in the event of delay in examination or when an 
additional sample of stool can not be obtained. 

COMMENT 

Though a majority of free-living and parasitic 
protozoa live within a comparatively narrow range 
of variations in temperature, the degree of toler- 
ance tends to vary among different species. Vari- 
ous strains of the same species may likewise respond 
differently to temperature as exemplified in this 
experiment. Among factors which are responsible 
for the variation we may cite the extent of bacterial 
population and growth under varying tempera- 
tures. Equally significant is the variation in the 
composition and reaction of the medium as well as 
the degree of desiccation resulting from exposure. 

Zinsser and Bayne-Jones (4) are of the opinion 
that bacteria of the colon group may develop at 
temperature as low as 10°C. and as high as 40°C. 
or over and that in acid medium, the death of the 
organisms occurs more readily than in alkaline 
medium. In general, the stools of amebic dysen- 
tery are usually acid in reaction. This may partly 
explain why some of the strains were able to survive 
longer in dysenteric stool due probably to the 
death of some of the accompanying bacteria. 

On the basis of survival time of trophozoites 
of Endamocba histolytica as determined in this 
experiment, it is suggested that irrespective of the 
type of stool, culture methods should be utilized 
in order to ascertain whether the few which sur- 
vived are capable of bringing about the growth and 
multiplication sufficient for definite diagnosis. It 
has been our experience that such attempts often 
resulted positively. The author (5) observed that 
culture amebae devoid of starch granules within 
them may at times present a somewhat shadowy 
appearance w'ith an apparent loss of motility. 
Hence they were designated by him as “hungry 
amebae.” These, however, may be reactivated by 
an addition of rice starch to the culture medium. 


A seemingly negative finding may' therefore be 
converted into a positive one by the treatment. 

Of further interest is the observation, not re- 
ported in this paper, that trophozoites of a strain 
of Trichomonas hominis were found to survive as 
long as 21 days at 5°C. and 15 day's at 22°C. Upon 
exposure to 37°C. the organisms were able to 
multiply profusely only for the first few hours but 
disappeared shortly afterwards. Tsuchiya and 
Jean (6) reported that the detection of the or- 
ganisms w*as facilitated by first emulsifying a sam- 
ple of stool with physiologic saline solution and by 
examining the sediment of the tube following a few 
hours 5 incubation at 37°C. 

SUMMARY 

1. Survival time of trophozoites of Endamocba 
histolytica w r as determined upon exposure to vary- 
ing environmental temperatures i.e., 5°C., 22° — 
25°C., and 37°C. and results reported. 

2. On the basis of data obtained an attempt 
was made to reach a solution whereby we may be 
able to determine the duration of time and tem- 
perature at which a sample of stool can be left 
prior to examination without losing the character- 
istic morphology necessary for definite diagnosis. 

3. Immediate examination of freshly passed 
stool is the prime requisite in the diagnosis of 
clinical amebiasis. However, the finding reported 
in this paper may serve as an aid in diagnosis in 
case there is a delay in examination or w r hen an 
additional sample of stool may not be obtainable. 
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Poisoning b)' an inherent fish toxin is described 
by Walker (4) as 1 1 ichthy ot oxi sm . ” In the West 
Indies area outbreaks of this type of fish poisoning 
have been reported by Walker (4), O’Neill (5), 
Mann (5) and Gilman (6) particularly in Puerto 
Rico and the Virgin Islands. Poisoning of man 
by fish may occur in two ways; 1) as a form of food 
poisoning either by a toxin arising from decomposi- 
tion or by toxins present in the living fish and 2) 
by inoculation of toxins through wounds inflicted 
bv the fish. 

This report is concerned with two outbreaks of 
fish poisoning occurring during the months of 
November and December, 1944, in Honolulu, 
Hawaii following the eating of varieties of sea bass 
(species Variola louti and Scrranus fascoguitalus) 
from Midway and Christmas Islands in the South 
Pacific. The writers believe that, in each of these 
outbreaks involving known 24 and 14 cases re- 
spectively, the fish poisoning was due to the 
presence of inherent toxin in the living fish. From 
all available information and evidence, the fishes 
were brought in to Honolulu under adequate and 
satisfactory refrigeration conditions on ships with 
such facilities. All persons who brought the fish 
in and those who prepared and consumed them 
reported on the apparent visible and olfactory 
freshness of the fish. Portions of the fish that 
caused the outbreaks were examined by the Health 
Department’s bacteriologist. The Food Com- 
missioner, the writers and others commented on 
the apparent ‘freshness’ 5 of the fish. One old 
Japanese man in the second outbreak ate portions 
of the fish raw and became ill within two hours. 
In one family portions of fish were eaten by their 
dog, which also became ill. Several families re- 
ported illness of their pet cats and dogs following 
the consumption of this fish. The writers there- 
fore believe that these two outbreaks were caused 
by a toxin, probably an alkaloid, present in tire 
living fish and that this poisoning in man is similar 

1 Director of Public Health, Board of Health, 

Territory of Hawaii, Honolulu, T. H. 


to that reported in the West Indies area. Other 
fishes brought in from these same areas at the 
same time did not cause any illness following their 
consumption. . - 

David Starr Jordan (1), in the chapter on Adap- 
tations of Fishes, from his textbook, "A Guide to 
the Study of Fishes,” states that in certain groups 
of fishes a strange form of self-protection is ac- 
quired by the presence in the body of poisonous 
alkaloids, by means of which the enemies of the 
species are destroyed in the death of the individual 
devoured. Such alkaloids are present in the 
globefishes or puffers, the filefishes and in some 
related forms. The alkaloids produce a disease 
known as Ciguatera (a term popularly used for 
fish poisoning in the West Indies) characterized 
by paralysis and gastric derangements. Severe 
cases of Ciguatera with humans, as well as with 
lower animals may end fatally in a short time. 

He states that in certain groups of fishes in the 
tropics, individual fishes are sometimes rendered 
poisonous by feeding on poisonous mussels, holo- 
thurians or possibly polyps, specimens which at 
certain times and especially in the spawning 
season develop alkaloids which may cause 
Ciguatera in man. The true cases of Ciguatera 
are produced by the specific poisonous alkaloids 
most highly developed in the globefishes or puffers. 
These alkaloids are most developed in the ovaries 
and testes and in the spawning season. They arc 
also found in the liver and sometimes elsewhere 
by the body of the fish. 

The illness produced by these alkaloids must be 
differentiated from that produced by the Ieuco- 
maines and the so called ptomaines in decaying 
flesh or in the oil diffused through it. Poisonous 
bacteria may be destroyed b}' cooking but the 
alkaloids which cause Ciguatera are unaltered 
by heat. 

EPIDEMIOLOGY 

On November 27, 1944, Dr. H. Q. Pang, one of 
the authors of this article, reported to the Health 
Department that he had treated individuals for 
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an illness that was characterized by vomiting, 
diarrhea, severe aches and pains in the extremities 
and the feeling of numbness and tingling of the 
hands and feet, which followed the eating of fish 
brought in from Midway. Investigation revealed 
two dozen cases all giving a similar history of being 
given fish brought by a friend who had come from 
Midway. 

A catch of sea bass, red snapper and mahimahi 
was brought in to Honolulu Wednesday evening, 
November 22, 1944, and distributed to friends. 
In most instances the fish were cleaned and kept 
under refrigeration until November 27 because of 
the “Thanksgiving turkey.” On Monday, 
November 27, the person who brought in the fish, 
although having being warned by his friends that 
the fish he had brought back from Midway made 
them ill, went ahead and had a gathering of eight 
people, all of whom suffered from an attack of 
fish poisoning within four to six hours. He and 
his wife felt that the portions of the fish he had 
brought back looked arid smelt so fresh that he 
was sure they were not poisonous. 

A sample of the fish was brought in to the Board 
of Health laboratory and from the general ap- 
pearance, the bass did look “fresh.” Bacterio- 
logical examinations did not reveal any organisms 
on culture and direct smears. All patients who 
ate the fish identified the causal agent as the sea 
bass. 

With the assistance of Mr. Vernon E. Brock, 
ichthyologist for the Board of Agriculture and 
Forestry of the Territory of Hawaii, the fish was 
identified as a sea bass, species Variola louti and 
found in the waters of Christmas, Palmyra, Wake, 
Samoa, Society, Fanning, and Apiang Islands 
'and the waters near the Red Sea. It has nine 
spines on the dorsal fin, is handsomely colored 
scarlet or carmine with many rose colored spots 
on its body, and a characteristic yellow-strip mark- 
ing on its dorsal, anal and caudal fins. 

The other species of sea bass that was brought in 
from Christmas Island that was identified by pa- 
tients as the causal agent belongs to the group 
Scrranus fascogniiaius (Fowler). It was com- 
monly described “black sea bass” by the patients 
who received the fish and is found in the waters of 
Palmyra, Ponape, Gilbert, Marshall, Christmas, 
Tongo Reva and Fanning Islands. It is dark 
olive in color, rather pale with brown round spots 
and with 12 spines on the dorsal fin. 

Jordan (1) and Tinker (2) classify this fish in the 
Sea Bass or Grouper family (includes the sea perch 


tattlers and barbers) and technical!}' the species 
called u Epincphchis ” Tinker (2) describes this 
species as the family of the sea bass in a larger 
family of carnivorous marine fishes. There are 
more than 400 known species in this family. 
Among the Hawaiians it is known as the 
“Hapapuu”; the Chinese as “Shakpan”; and the 
Japanese as “Ara.” One of the patients who had 
been stationed at Palmyra said that the Navy 
Department, during the period he was there, had 
signs out warning the personnel about eating fish 
caught in the lagoons during certain months of 
the year. The red snapper was implicated. Dr. 
Peter Buck of the Bishop Museum (personal com- 
munication) said that in his classes to the service 
personnel assigned to the areas in the South Seas, 
that the natives should be questioned about the 
possibilities of “poisonous fishes” in those areas. 
In the Honolulu Star Bulletin on July 12, 1944, a 
news item indicated that one Sergeant L. 0. 
Shcrmer of the Altadena substation had been 
given leave of absence to catalog poisonous fishes 
for the foreign economic administration. The 
navy handbook mentions only three poisonous 
fishes but Mr. Shermer states that there are liter- 
ally hundreds of fishes containing a poisonous 
alkaloid so deadly that only one mouthful would be 
fatal. 

CASE HISTORIES 

The following are case histories of patients as 
reported and seen by Dr, H. Q. Pang in the first 
outbreak. In the second outbreak the Health 
Department fortunately was able to warn all 
persons^eceiving portions of the fish immediately 
so that only 14 known cases were reported. The 
signs and symptoms were similar to those reported 
in the first outbreak except that the symptoms 
came earlier. Some of the patients became ill 
within two hours after eating the fish. In one 
family a one year old child became ill following 
the eating of fish soup prepared from the sea bass. 

Case J. G. K., a white male, age 50, ate some black 
sea bass at 7:30 p.m. on November 2(5, 1944 and at 
12:30 the next morning began having diarrhea which 
was accompanied by slight abdominal pains. Stools 
were liquid and yellow in color but later were bile 
stained. He had about ten to twelve bowel move- 
ments at ten to fifteen minute intervals. There was no 
nausea or vomiting. At 2:00 a.m. Iris lips began to 
feel numb, followed in about fifteen minutes by numb' 
ness on both sides of his face and then both hands. At 
the same time he began having aching pains in both 
thighs and knees not accompanied by any rigidity. 
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There was no pain below the knees. Pain increased 
in intensity till 8:00 a.m. and codeine had to be ad- 
ministered for relief. 

He also noticed a peculiar burning sensation in his 
lips and mouth while drinking a glass of water. A cold 
object or a glass of tap water at room temperature felt 
like “dry ice” in his palms. This sensation was present 
in the plantar surfaces of his feet and he found it diffi- 
cult walking barefooted because of this peculiar feeling. 
The dorsal surfaces of his hands felt normal. Chest, 
heart and abdomen were normal. Knee jerks were 
present. 

Two days later he began having pruritis of both 
palms and plantar surfaces of his feet but there was no 
visible rash. His testicles felt big and heavy although 
there were no visible or palpable signs of enlargement 
or edema. He had to force himself in urinating as 
urine did not seem to flow freely. 

He was hospitalized on November 29, 1944; because 
of pains, irritability and insomnia. His urine revealed 
a slight trace of albumin. Blood count showed an 
85% HB., 4,800,000 RBC,, 8,500 WBC., 76% Polys, 
19% small lymphocytes and 5% large lymphocytes. 
One hundred milligrams Vitamin B, intravenously, 
was administered daily without any relief of pain or 
paresthesia. 

Codeine by mouth gave tempo rary relief and had 
to be repeated. He was discharged from the hospital 
on December 5th, still complaining of paresthesia in 
his palms and soles but was free from pain. 

Case 2. Mrs. E. W., Chinese female, age 34, at- 
tended the same party as case 1 and ate the same type 
of fish. Diarrhea began at 12:30 a.m. on November 
27, 1944 but she was free from abdominal pains or 
colic. She had three liquid stools at five minute in- 
tervals. Her lips and face began to feel numb, 'which 
she described as “a feeling I get after novocaine injec- 
tion for tooth extraction.” Her thighs and legs began 
to ache with increasing intensity and her back felt 
as if she was being tied in a knot. Pruritis of the 
palms and soles began on November 29, 1944. She 
also complained about the same “dry ice sensation” 
in her lips, mouth and hands as in case 1. Physical 
examination was essentially negative. The urine 
showed a slight trace of albumin. Calcium gluconate 
10 cc of 10% solution was given intravenously \\ ith 
almost immediate relief of pain although muscular 
tenderness and paresthesia remained. Relief from 
pain, however, was only temporary and codeine grain 
£ and aspirin grain 10 had to be supplemented. She. 
received four daily injections of calcium gluconate. 
One week later muscular aches and pains were com- 
pletely relieved with the exception of a slight residual 
backache. The “dry ice” sensation was present up 
to 10 days. 

Case 3 . R. L., Chinese male, age 28, ate some black 
sea bass at 6:00 p.m., November 24, 1944. He began 


having vomiting and diarrhea with only slight ab- 
dominal pains at 10:30 p.m. the same day. The next 
.day he felt weak and began having sharp shooting 
pains in his hands, arms, legs and feet. He described 
pain as being alternating, first in one leg and then in 
the other. He began complaining of pruritis on No- 
vember 27, 1944, which lasted till December 3, 1944. 
Pruritis was localized to his abdomen, below his knees, 
feet and hands. He also had the same peculiar feeling 
in his hands and mouth as in case 1. His description 
of drinking a glass of tap water was vivid, “I couldn't 
swallow a glass of cold water fast enough because it 
burnt my mouth.” This abnormal sensation was 
absent in the oesophagus or stomach. 

^ Case 4. Mrs. R. L., Chinese female, age 24, wife ot 
case 3, ate the same fish at the same time. Her diar- 
rhea was more severe than in case ~b3 but subsequent 
symptoms were almost the same. 

Cases 5-7. Mr. and Mrs. F. A. and daughter, Miss 
E. A., Chinese, ate some black sea bass on November 
25, 1944 at 8:00 p.m. At 1:30 a.m., November 26, 
1944, Mrs. F. A. began to have chills and her arms and 
legs began feeling numb. At 2 : 00 a.m. she began hav- 
ing pains all over her body, especially the joints. How- 
ever, she did not have any nausea, vomiting or diarrhea. 

I saw her at 5:30 a.m. and at this time she felt weak 
and somewhat prostrated and complained of severe 
pains in her arms and legs. She was unable to walk a 
few steps without pain. Paresthesia was already pres- 
ent and she described a numb feeling in her fingertips 
and toes. Codeine grain J and aspirin ^grains 10 ' 
relieved the pains but had to be repeated every 2 or 3 
hours. Improvement and disappearance of symptoms 
were gradual and on December 8, 1944 she felt well but 
slightly weak. Knee jerks were absent on further ex- 
amination on November 28, 1944. 

At 12:30 a.m. on November 26, 1944, Mr. F. A. had 
about six liquid stools at five to ten minute intervals 
and his chief complaints were pains in both knees and 
thighs. Numbness of his hands were only slight but 
he noticed weakness of his bladder and had to force in 
urinating as in case 1. He was able to be up and 
about on November 27, 1944 although he still had mus- 
cular aches and pains and pruritis of his palms. 

Miss E. A. had severe vomiting spells and about six 
watery stools. At 5:30 a.m. when I examined her 
she seemed to be cold and clammy and was complaining 
of body aches and pains. Heart, lungs and abdomen 
were normal. On November 27, 1944, a papulo-macu- 
lar eruption associated with itching appeared on her 
chest, abdomen, arms and thighs, which lasted for two 
days. Calamine lotion relieved the itching. 

, Case A\ Sliss A. C., Caucasian, age 26, ate some 
black sea bass on November 27, 1944, and had vomiting 
and diarrhea spells followed by muscular aches, pains 
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and tingling sensations in her fingertips. Five others 
in the same party also became ill four to five hours after 
eating this fish. These eases were diagnosed as pto- 
maine poisoning by their own physician. 

DISCUSSION 

No studies of the suspected fish have been made 
and limited facts are available about the clinical 
studies of the victims, but because no fatalities 
have been reported, no pathologic or post mortem 
studies exist. Outbreaks in the West Indies 
Usually occurred during the months of August 
through January. This report discusses fish poi- 
soning caused by the eating of varieties of fish 
brought in from the warmer waters of the South 
Pacific. It will be difficult to determine from the 
fish brought in whether they are toxic to man. 
Certain months of the year when the algae, plank- 
ton or mussels that these varieties of fish may feed 
on should be known so that the public can be 
warned about the toxic qualities of them. If the 
fishing industry expands to these atolls in the 
South Pacific, more cases of this variety of fish 
poisoning will occur. The problem will continue 
to be difficult to control if more fish is brought in 
from the South Pacific until we know the varieties 
of fishes that are poisonous, the time of the year 
they are edible or poisonous and the locality where 
the poisonous varieties of fishes are caught. 

Fish poisoning due to an inherent toxin causing 
similar qutbreaks have been reported in the litera- 
ture, particularly in the West Indies area. Walker 
(4), Mann (5), and Gilman (6) reported in detail 
the outbreaks in Puerto Rico and the Virgin 
Islands. Patients reported in those outbreaks pre- 
sented identical signs and symptoms as in the 
Honolulu outbreak. The same pathognomonic 
signs, and symptoms characterized by vomiting, 
diarrhea, • aches and pains in the joints and ex- 
tremities, ' followed by tingling and numbness of 
the ’extremities and the feeling of coldness when 
warm objects are touched as contrasted to the 
feeling of warmth when cold objects are touched, 
followed the eating of apparently fresh fish. In 
this, series- gastrointestinal symptoms have short 
duration in comparison to nerve symptoms. Diar- 
rhea was for only half a day or a few hours while 
nerve "symptoms lasted for days. 

Gilman (6) in his review on this subject con- 
sidered the symptoms of fish poisoning as clear 
cut and pathognomonic. The onset is from one 
to 'six hours after eating the fish. The patient 


appears critically ill with severe gastrointestinal 
symptoms of nausea, vomiting and diarrhea. 
There is a distinct metallic taste (this was not 
noted in the Honolulu outbreak). The skin be- 
comes flushed and there is tingling and itching 
that may last for days. Cramps in the extremities 
may occur. Subsequently there may be reduced 
or absent knee jerks. Hyperesthesia and pares- 
thesia are commonly associated. There may be 
associated nervousness, restlessness or insomnia; 
albumin, casts, and frequency of urination are 
prominent symptoms. The course may run from 
one to three weeks with gradual recovery. No 
fatalities have been recorded. 

Walker (4) and Gudger (7) in their papers de- 
scribe as possible causes for the formation of 
inherent toxins in the living fish the eating of 
poisonous “manchineel,” (fruit of the West Indies 
area) molluscs, zoophytes, corals, medusae, holo- 
thurians and protozoans containing a toxin which 
may be harmless to fishes. In the literature the 
toxin is described to be a toxalbumin (an alkaloid) 
present in certain living forms in the sea. 

Steinbach (8) in his article on fish poisoning in 
the Marshall Islands in 1893 reported that the 
natives recognized at that time that certain varie- 
ties of fish were toxic to man when caught during 
some months of the year and in specified areas. 
The symptoms described by him were headache, 
nausea, diarrhea, fever at times, and cold hands 
and feet combined with prickling and numbness. 

Of interest in the literature is the statement of 
natives and writers that the larger the fish of the 
particular specimen that may be a carrier of the 
toxin, the more dangerous and toxic it is to man. 
The relation to spawning seasons and infectious 
diseases in the fish are described as possibilities 
as causes of poisoning in man. It is also known 
in the literature that in certain localities dangerous 
fish caught in one part may be eaten with im- 
punity while others caught barely a mile away 
are regarded as poisonous. 

Hermann Somner and K. F. Meyer, in the Cali- 
fornia State Department of Health Weekly Bulle- 
tin on April 26, 1941, discuss in detail mussel 
poisoning, a paralytic form of shellfish poisoning. 

It is a severe form of food intoxication caused by 
eating mussels or clams caught off the California 
coast, particularly at certain times of the year. 
The State Health Department issues an annual 
quarantine of mussel or clam fishing during the 
months of May through November. Up to July 
1940, 310 cases of mussel poisoning with seven 
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deaths and 20 cases of clam poisoning with five 
deaths were reported in California. The original 
source of the poison here is a plankton which occurs 
most abundantly in the summer. When they 
multiply to such an extent as to total 40 million 
per liter, the water for miles presents a deep red 
color and at night a beautiful luminescent 
spectacle. The poison is an alkaloid belonging to 
the class such as strychnine, muscarine and aconi- 
tine and has been purified to a high degree in the 
form of its hydrochloride. Tested on mice, it 
has been found that one millionth of a gram is 
sufficient to kill the animal. The fatal dose for 
man is probably a few milligrams. It is heat 
stable in acid or neutral solution but is gradually 
destroyed by boiling with alkali. The mussels 
ingest the plankton and store the poison in their 
digestive glands without harm to the mussel. 
The resulting toxicity is proportional to the num- 
ber of plankton ingested and to their alkaloid con- 
tent. The stored poison is slowly excreted by 
the mussel in a few weeks. 

Fish poisoning caused by alkaloids in the puffer 
fish has been reported frequently in the literature 
and many studies and investigations have been 
made on this form of poisoning, particularly in 
Japan and tlie Philippines. In these outbreaks 
the fatalities have been high. 

SUMMARY AND CONCLUSION 

Thirty-eight known cases of fish poisoning, in 
two separate outbreaks, caused by the eating of 
varieties of sea bass from Midway and Christmas 
Islands of the South Pacific, are reported. It is 
believed that the etiologic agent is an alkaloid 
present in the apparently fresh fish which is heat 
stable. The signs, symptoms and public health 
implications are discussed. 

The authors recommend that studies and ob- 


servations should be made by those who have the 
facilities and trained personnel to classify, study, 
experiment with and record dangerous fishes that 
ma 3 r produce fish poisoning in waters of the South 
Pacific and the Hawaiian area. Ph} r sicians and 
others in this area should be on the lookout for 
this form of fish poisoning and should report cases 
or suspected cases to the Health Department as 
soon as possible to prevent the development of 
additional cases. 
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S lilt's Dio gnash, Prr.fr, lion and Treatment of Tropical 
Diseases. Seventh Edition. By Kuril Ann P. 
Strong, M.D., D.Sc., D. S.M., C.B., Professor of 
Tropical Medidne, Emeritus, Harvard University 
Director of Tropical Medicine, Army Medical 
School, Colonel, M.C.* U. S. Army. Tivo volumes, 
pp. i-xvi, 1-1747. The Bhkiston Company, Phila- 
delphia. 

In July, 19-42, the reviewer had die pleasure of re- 
viewing the sixth edition of this work and at that time 
stated that he was convinced ‘‘that it is the most 
up-to-date *ntl valuable work upon the subject that is 
available.” And this new edition, called for in less 
than three years, is even an improvement over the sixth 
edition, and still merits the statement formally made 
that “it is a great work upon tropical medicine and will 
long remain a classic upon the subject.” 

The new edition has been brought up-to-date in this 
rapidly advancing subject and should serve as not only 
a fine work for the medical officer and practitioner in 
tills country and in the subtropical and tropical regions 
in which our troops arc operating, but, because of its 
encyclopedic diameter, should serve as a most valu- 
able reference work upon all the subjects discussed. 
In these days, when almost even* month or so a new 
book upon tropical medicine appears, it is a relief to 
find in this great work practically all that is known 
regarding tropical diseases, as many of the new books 
upon the subject arc limited in their information and 
sometimes inaccurate. 

The reviewer can cordially recommend this book in 
every respect. The volumes arc beautifully bound 
and printed and the illustrations arc many and ex- 
cellent 

Ciias. F. Craig. 

Etiology, Diagnosis , and Treatment of Amebiasis. 
Charles Franklin Craig, M.D., M.A. (Hon.), 
F.A.C.S., F.A.C.P., Colonel, United States Army, 
Retired, D.S.M., Late Commandant, Army Medical 
School, and Assistant Commandant, Army Medical 
Center, Washington, D. C., Emeritus Professor of 
Tropical Medicine, Medical School, Tulane Univer- 
sity of Louisiana, New Orleans, La. Pp. v-viii, 
1-332, figs. 1-45. The Williams & Wilkins Com- 
pany, Baltimore, 1944. 

After studying this book the reviewer is impressed 
by the fact that no author has previously undertaken 
such a careful and complete consideration and study 
of what is known of amebiasis at the present time as 
has Colonel Craig. In this book he has written not 
only of his important personal observations and in- 
vestigations carried on in the past forty years but he 
has also made a careful study of the literature and has 


incorporated references to the important investigations 
made by other observe rs; thus it is not only an impor- 
tant source of information on all aspects of the subject 
but its value is enhanced ns a book of reference. 

In his preface Colonel Craig refers to the fact that 
in 1934 he published his work entitled “Amebiasis and 
Amebic Dysentery” which Included the salient data 
available to that date upon this important subject. 
However, during the past decade, since that work was 
published, an enormous amount of research has been 
accomplished upon almost cvciy phase of amebiasis 
and in this new l>ooj; he has included all the important 
data accumulated during that period adding it to the 
material published in the previous work. lie also 
points out that despite the many publications upon 
amebiasis dial have appeared during the past decade, 
there is a surprising amount of ignorance regarding 
this infection among many physicians as evidenced 
by the letters received by hint requesting information 
upon various phases of the subject. This, lie believes, 
has been due to the general belief that amebiasis is a 
tropical infection of little interest to physicians in 
temperate regions, a belief that is very erroneous and 
harmful. At the present time thousands of our troops 
are serving in regions where amebiasis is a common and 
often serious infection and many of tit esc men will 
return to the United States infected with Endameba 
histolytica, the cause of amebiasis. This will add to 
the already considerable percentage of infections with 
tin’s parasite in tin’s country, conservatively estimated 
at ten per cent of the population, and will render the 
diagnosis and proper treatment of the infection of still 
greater importance from the standpoint of public 
health. For these reasons tills book should prove of 
great value to the general practitioner, public health 
official, and medical officers of the Army, Navy and 
Public Health Service, as he lias endeavored to include 
in it all of the data of value now available regarding 
amebiasis. 

The volume is divided into twelve chapters and 
there arc a list of references and separate author and 
subject indices. Thoroughly considered are the 
Etiology, Epidemiology, Pathology, Symptomatology, 
Complications and Sequelae, Clinical Diagnosis, Lab- 
oratoiy Diagnosis (Microscopical and Cultural), 
Laboratory Diagnosis (Serological), Prognosis and 
Prophylaxis, and Treatment. The scope of the book 
covers all phases of the subject and is written in a 
clear and concise manner. 

In Chapter I following the definition of amebiasis 
and amebic dysentery the history and geographical 
distribution arc considered. The author calls attention 
to the fact that it is most unfortunate that the term 
“amebic dysentery” should have become in the minds 
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of most medical men a synonym of amebiasis or amebic 
infection for while dysenteric symptoms are quite 
characteristic of the serious infections with Endamcba 
histolytica the vast majority of such infections are not 
accompanied by dysenteric symptoms but by much 
milder symptoms usually attributed to some other 
factor and not recognized as a result of infection with 
this parasite. This general use of the term “amebic 
dysentery” was caused largely by the fact that amebic 
infection was considered of tropical origin and in the 
tropics dysentery is very frequently one of the symp- 
toms of- amebiasis. The recognition of the fact that 
amebic dysentery is but a small part of the clinical 
picture of amebiasis is essential to any intelligent under- 
standing of infections with Endamcba histolytica and 
he writes it is most encouraging to note that almost all 
modem writers have abandoned the term “amebic 
dysentery” in describing such infections and have 
adopted 'the general term “amebiasis” as was recom- 
mended by Colonel Craig many years ago. He ex- 
plains that the modern clinical conception of amebiasis 
as distinguished from the phase known as “amebic 
dysentery 7 ” has been a gradual growth and little had 
been written upon the subject prior to a paper written 
by him and published in 1921, calling attention to the 
fact that- amebic dysentery 7 is in this country a com- 
paratively rare condition but that diarrheas and other 
symptoms of gastrointestinal irritation are very com- 
monly caused by Endamcba histolytica even in presum- 
ably healthy “carriers” of this parasite. This con- 
tribution stimulated much interest in the subject and 
today he believes all well informed physicians recognize 
that amebiasis is responsible for many clinical symp- 
toms far different from those of acute or chronic amebic 
dysentery. The recognition of the true character of 
amebiasis has been a great step in advance in its history 
and has led to the institution of proper methods of 
prophylaxis and treatment. 

In the consideration of the geographical distribution 
which is world wide, it is noted that while infections 
are more numerous in the, tropics and subtropics, in 
poorly sanitated districts in temperate and cold coun- 
tries the incidence may be very high. Thus in the 
United States cases of amebic dysentery have been 
reported from practically every state in the Union and 
there can be no doubt that many cases are wrongly 
diagnosed annually because of the widespread belief 
that this type of dysentery occurs only in the tropics 
or subtropics. While amebic dysentery is most fre- 
quently Observed in the southern states, cases of it 
have been noted in the most northern ones and that it 
may occur in epidemic form in the northern states 
during the summer months was well demonstrated in 
the Chicago outbreak of amebic dysentery in 1933. 

In Chapter II the etiology is carefully considered in 
detail. In the discussion of the morphology of En- 
damcba histolytica the four stages in its life cycle — the 
vegetative, motile or trophozoite stage; the precystic 


stage; the cystic stage; and the metacystic stage— arc 
all considered in detail and it is pointed out that in 
each of these stages the organism varies somewhat in 
moqdiology. The differentiation of the pre-cystic 
forms of Endamcba histolytica from those of Endamcba 
coli is often extremely difficult and may be impossible. 
In the discussion of the life cycle of Endamcba histolyt- 
ica it is remarked that it is still a disputed question as 
to just what occurs after emergence of the four- 
nucleated ameba from the cyst and that the questionl 
of how many amcbac arc produced from each cyst is- 
still uncertain and that some authorities have observed 
the exeystment of amebae of this species containing 
one and two nuclei only, rather than the four-nucleated 
ameba as has been more commonly described. The 
author believes there is no evidence sufficient to demon- 
strate the division of the nucleus in this species as 
mitotic in character but rather that it is intermediate « 
between mitosis and amitosis. 

The epidemiology is considered in Chapter III. In 
the discussion of the methods of transmission from 
person to person through food or drink polluted with 
feces containing the parasite, it is noted that as a gen- 
eral rule only the cysts are infective; but that neverthe- 
less, it has been proved that infection may occur from 
swallowing the motile trophozoites although these arc 
usually destroyed by the acid secretion of the stomach. 
The reviewer concurs in this opinion; Wcselmann and 
Ott have independently found trophozoites in duodenal 
contents removed by duodenal sound but there is no 
evidence that their presence here was not due to ex- 
eystment somewhere in the intestine. Craig explains 
that patients suffering from acute amebic diarrhea or 
dysentery are not usually concerned in the transmission 
of the infection as cysts do not usually occur in diarrheal 
or dysenteric stools. It is when the stools become more 
normal that the individual is likely to become a cyst 
passer or carrier of the infection and that he is especially 
a source of infection to others. 

He remarks that infection occurs especially through 
a polluted water supply, and that contamination by 
sewage of a local water supply may cause severe out- 
breaks of amebic dysentery. In many tropical and 
subtropical countries human excreta is commonly 
used for fertilization of vegetable gardens, and vege- 
tables from gardens fertilized in this manner and 
eaten uncooked are a very common source of infection. 
The infection of man from food and drink contaminated 
by apparently healthy foodhandlers, that is, carriers N 
or cyst passers, is regarded by Colonel Craig as probably 
the most common method in otherwise well sanitated 
towns and cities. The contamination of food and 
drink by the droppings of flies or of cockroaches carry- 
ing the cysts of Endamcba histolytica also is sometimes 
important as a method of transmission. Finally, he 
explains that direct contact in the transmission of 
amebiasis is possibly of much importance under certain 
conditions as in insane asylums, orphanges and other 
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public institutions where hygienic standards are low 
and infection, especially of children, has resulted from 
the transference of cysts from one to another by contact 
with contaminated objects or material in and about the 
home; cysts having been found upon the hands and 
soiled underclothing of the children especially. Another 
source of transmission noted may he through the pub- 
lic swimming pool where the amount of chlorine gener- 
ally used in the water is insufficient to kill the cysts. 

The resistance of the cysts of E tidameba histolytica 
to various physical and chemical agents is discussed 
and it is pointed out that it is now well established that 
the usual amounts of chlorine employed in water puri- 
fication for the destruction of disease-producing bac- 
teria arc not efficacious for the destruction of the cysts 
of Endameba histolytica and that it is necessary to over- 
chlorinatc the water and then dcchjorinatc it if tills 
chemical is to be used for rendering contaminated 
water harmless; however practical methods have been 
devised for rendering water safe in the field for troops 
by efficient hyperchlorinating and then dcchlorinating. 
The use of iodine compounds, particularly for the de- 
struction of cysts In individual water supplies and can- 
teens, is not referred to. Apparently the reports of 
the demonstration of the effective amcbacidal action 
of bursolinc tablets, which contain iodine and diglvcinc 
hydriodide and dihydrogen pyrophosphate have been 
published since the book was written. 

It is also noted that precipitation and filtration 
through sand filtration beds is satisfactory for the 
elimination of the cysts. However, in general trav- 
elers in regions where amebiasis is prevalent should 
always insist upon using only boiled water or bottled 
water from non-endemic regions and food should also 
be protected from cockroaches as well as flics. 

Virulent and avirulcnt strains of End am cb a histolytica 
are considered in detail and the important researches 
of Mcleney and Fry and others are discussed. 

It is pointed out that while amebic dysentery almost 
always occurs in the form of sporadic cases, under 
certain favorable conditions it may occur in epidemic 
form, and the author describes such epidemics ob- 
served by himself in the Philippines and in Texas, and 
records the two epidemics which occurred in Chicago 
during 1933 and in 1934. Evidence is given demon- 
strating that Endameba histolytica may be a parasite of 
some of the lower animals especially monkeys, rats and 
occasionally dogs. However, just how important 
that may be as reservoirs of infection for man is not 
yet dear. 

In Chapter IV upon the pathology, the absence of 
clinical manifestations in individuals who nevertheless 
may have more or less advanced lesions in the intestine 
is discussed at some length. In regard to a very recent 
study of the pathology in carriers, the observations of 
Faust (1941) are cited. Faust studied the findings 
at autopsy and made microscopic examinations of 
sections of the bowel in 202 individuals who were acci- 


dentally killed in New Orleans, and found lesions con- 
taining the Amelia in 13, or b.44%. 

Tlie pathology of amebic ulceration of the skin is 
discussed in detail and the observations of Mcleney are 
quoted to the effect that the largest number of ulcera- 
tions occur after drainage of an amebic abscess; and 
that ulceration of the skin usually occurs about one 
week after surgical drainage of an abscess has been 
started and that the ulceration extends rapidly and is 
very painful. Amebic granule mata occurring in the 
large intestine are also mentioned and it is pointed 
out that the masses may closely resemble carcinomata 
and may be very easily confused with the latter. 
Donald and Broun (1940) have reported two cases of 
amebic granuloma of the rectum. 

In Chapter VII in the discussion of the complica- 
tions and sequelae amebic appendicitis is considered 
and the author writes that it should not be forgotten 
that many of the cases so diagnosed clinically as appen- 
dicitis do not have any inflammation of the appendix 
but suffer from symptoms simulating those of appendi- 
citis. Nevertheless, in a considerable proportion of fatal 
cases of amebic dysentery the appendix presents 
marked evidence microscopically of inflammation, 
and amebic ulcerations are present within the organ. 
He cautions that in every individual presenting symp- 
toms of appendicitis an examination of the feces for 
Endameba histolytica should be made and if found posi- 
tive anti-amebic treatment should be tried before re- 
sorting to surgical measures unless the symptoms are 
such as to demand immediate operation. 

In Chapter VIII the clinical diagnosis of the disease 
is fully discussed. In regard to the Roentgen ray in 
the diagnosis of intestinal amebiasis, the observations 
of Manson-Bahr (1940) are quoted to the effect that 
x-ray diagnosis has been tried out on an extended scale 
at the Hospital for Tropical Diseases, London; occa- 
sionally filling defects are observed in the cecum, but 
similar appearances are seen in other forms of dysen- 
tery and colitis, and it is disappointing to record that 
only unsatisfactory assistance can be obtained by this 
method. However, Craig explains there is no question 
of the great % r alue of Roentgen ray examinations in 
the diagnosis of amebic abscess of the liver and that 
Ochsner and DeBakey in their series of amebic absces- 
ses of the liver obtained a positive diagnosis in 132 of 
150 cases, or 88%, in which this method was employed. 

In Chapter IX laboratory diagnosis, both micro- 
scopical and cultural, is considered and the practical 
value of the complement fixation test is discussed. 
This test, as devised by Colonel Craig, follows that 
usually employed in the Wassermann test for syphilis, 
using extracts of Endameba histolytica as antigens. 

In his test a human hemolytic serum is employed in- 
stead of the sheep system and Craig believes that more'" 
accurate results are obtained with the human system. 
This test was described by him first in 1929 and the 
results obtained with it are such as to convince him 
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that none of the modifications since published are more 
accurate or useful than this original technique which 
is again published in his “Laboratory Diagnosis of 
Protozoan Diseases,” 1942. 

In Chapter XII treatment is fully discussed and it is 
pointed out that at the present time we possess several 
drugs that are practically specific. Emetine hydro- 
chloride is first discussed and its amehacidal 1 properties 
emphasized. It is pointed out, however, that the drug 
is toxic and that when used in the treatment of dysen- 
tery or severe diarrhea it should be used only long 
enough to control the diarrheal or dysenteric symptoms 
and should never be given for a longer period than eight 
to ten days in a dose of 0.065 gram (1 grain) a day, 
administered subcutaneously. He explains that eme- 
tine should not be employed in the treatment of car- 
riers since it does not prevent the development of cysts 
in the majority of cases. 

In the treatment of amebic hepatitis and amebic 
abscess of the liver the value of emetine is especially 
emphasized and it is stated that while the treatment of 
amebic abscess of the liver is largely a surgical problem, 
the earlier recognition and treatment of amebic hepa- 
titis and beginning abscess formation is essentially a 
medical problem. He remarks that emetine may be 
said to be an absolute specific in the cure of amebic 
hepatitis and if this condition is recognized, a course of 
treatment with this drug is always successful in reliev- 
ing the symptoms and preventing abscess formation 
and he notes if abscess formation has occurred, some 
authorities advocate the use of emetine alone, for the 
evidence is incontrovertible that this drug may cure 
even large abscesses of the liver. Puncture and as- 
piration of a liver abscess, Craig believes, should never 
be undertaken unless the patient has received injections 
of emetine for five or six days previously, especially if 
fever and marked enlargement of the liver are present. 
He adds that the administration of the emetine is 
followed by marked reduction in the congestion of the 
liver and greatly reduces the chances of hemorrhage 
during puncture of the organ. Usually liver puncture 
and aspiration of the contents of a liver abscess may 
be accomplished under careful novocain anesthesia 
but sometimes a general anesthetic is necessary. He 
explains that the technique of aspiration is simple and 
the reader is referred for this to the contributions by 
Ochsner and DeBakey (1943) for a description of this 
technique. He points out that the various methods of 
open operation have largely been abandoned for 
treatment with emetine followed by puncture and 


1 The term “amebacide” is used throughout the book. 
Dorland American Medical Dictionary, 1944, employs 
this spelling and states that “amebicide” is an incorrect 
spelling of “amebadde” but the authority is not given. 
Stedman’s Medical Dictionary, 1939, gives “amebi- 
cide” and not “amebacide,” a matter in which etymolo- 
gists will be interested. 


aspiration. Emcline-Bismulh-lodide: The action of 
this drug, Craig writes, is undoubtedly like that of 
emetine alone but it is the concensus of opinion of 
those who have used it extensively that it is a more 
powerful amebacide than is emetine and that its cura- 
tive value is much greater. It has been stated by some 
who are enthusiastic in its favor that it will cure prac- 
tically 90% of amebic infections if properly adminis- 
tered but unfortunately the difficulty of its adminis- 
tration, owing to the unpleasant symptoms it almost 
invariably produces, prohibits its use as a routine 
treatment except in amebic dysentery and even here 
Craig believes it should only be used when the more 
specific drugs have failed. The greater amebacidal 
power of this preparation over emetine is probably due 
to its iodine content. Craig believes that the most 
efficient drugs we possess in the treatment of amebiasis 
have a high iodine content but even with the com- 
bination of emetine and iodine content in this drug it 
is certainly less efficient than the amebacidal drugs 
containing iodine alone. In this connection it is in- 
teresting to note that Manson-Bahr (Lancet, Decem- 
ber 2, 1944) believes that combined treatment with 
emetine-bismuth-iodide and chiniofon now offers the 
best hope of a permanent cure but the details of ad- 
ministration must be observed. 

Craig regards the iodine compounds as the most 
efficient and safest therapeutic agents for the elimi- 
nation of the infection; chiniofon, diodoquin and 
vioform and entero-vioform are all discussed. Chinio- 
fon (yatren, anayodin, or quinoxol), he believes from 
the literature available, to be a safe and efficient spe- 
cific in the treatment of this condition. While it fails 
in certain infections, the records show that it is cura- 
tive in the vast majority of amebic infections when 
properly administered and that serious toxic symptoms 
never occurred. He thinks that it should be preferred 
to any of the arsenicals that have been described be- 
cause it is less toxic and can be used in mass treatment 
with safety and efficiency. 

Diodoquin is also regarded as a most excellent non- 
toxic amebacide capable of eliminating amebic infec- 
tion in most individuals. 

Of the arsenicals carharsonc is regarded as the most 
powerful and the least toxic. Craig believes that 
treatment with this drug should be reserved for those 
infections which have proven incurable with the iodine 
compounds. Patients having liver or kidney disease 
obviously should not be treated with it. 

There is a wealth of new material in the book but 
space prevents a longer review. The author is most 
generous in his consideration of the work of others and 
compares side by side their observations with his own. 
Where differences of opinion exist these are stated and 
Colonel Craig gives his personal point of view. This is 
fortunate since he is the most eminent authority upon 
the subject that we have. 
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The book t!cnwn*l rates in a way the decadence of 
kdcntiHc medicine in Germany* for while there arc 
reference* to German investigations in earlier years* 
thirty-three German references Inline Riven* there is no 
mention of German work since 1027* The reason is 
dear, Thtre has been no recent German work of 
outstanding value ujvm the subject. 

Richard P. Strong 

tfj?:3K\'h i :f (he Mc'fuistts o/ *Y erth America, Ron- 
r.irr M ntukson. Ithaca, X. V.; Comstock Publish- 
ing Co.* Inc., !0?4. Pp. vin, 314. Itlus. 

The present war ha* brought to the fore the impor- 
tance of malaria and other arthropod-!>ome diseases 
as mi titan* and home-front hazard*. As a result there 
are probably more individuals directly concerned with 
the control o: mosquitoes in this country and the 
xvorld over than at any other time in history. It is 
particularly fortunate* therefore* that Doctor Malhc- 
s<m, Professor of Entomology at Cornell University, 
has produced a new, revised and enlarged edition of 
his authoritative “Handbook of the Mosquitoes o! 
North America/’ which, since its original appearance 
in 1929* has been a valued guide to students of this 
branch of entomology. While the literature on North 
American mosquitoes is formidable in bulk and rich 
in detail, monographic works of continental scope 
have been few and long outstripped by rapid advances 
in knowledge* Here* in this slim volume of 314 pages, 
is condensed the fruits of many years of patient labor 
in the form of a convenient handbook that is essentia! 
equipment for mosquito-workers in the United States 
and Canada. It makes readily available the essence 
of our present knowledge of the taxonomy and biology 
of North American mosquitoes, much of which could 
otherwise be found, if at all, only in many separate 
publications and in older lengthy and cumbersome 
treatises now' difficult to obtain. 

The book is divided into two sections. Part I (S6 
pages) is a general survey of the structure and biology 
of mosquitoes, their relation to human welfare, their 
control* and methods of collecting and studying them — 
subjects of interest not only to the entomologist, but to 
epidemiologists, health officers, physicians, and laymen 
who will find here a clear and readable source of infor- 
mation. Part II (172 pages) is a systematic account 
of the North American spedes of mosquitoes — primarily 
of interest to the entomologist as a working took 
The first part includes a detailed account of the mor- 
ph ology of the adult and larval stages which is funda- 
mental to practical work of identification. The life 
cycle, breeding, feeding, and overwintering habits, 
knowledge of which is essential to practical control 
work, are briefly reviewed. The r61e of mosquitoes in 
the transmission of human malaria, yellow fever, 
dengue, filariasis, and virus encephali tides is concisely 
treated, with the malaria parasite cycle described and 


illustrated. The fundamental principles of control 
arc outlined and the various types of control methods 
considered. Directions for collecting and preserving 
mosquitoes for study conclude this section of the book, 
which contains 41 good drawings and photographs to 
illustrate the textual material. 

The second part provides means to identify system- 
atically the larvae and adults of North American 
mosquitoes hy appropriate keys to subgroups and spe- 
cies. and describes their group and specific characteris- 
tics. Descriptions of 133 species are given, 12 in the 
non-luting subfamily Chaoborinae and 121 in the Culi- 
cinac. The latter include all the blood-sucking spedes 
and arc distributed among 11 genera (Anopheles, 13 
species; A?Jes, 5S; Culcx, 19; Culls el a, 7; Psorephoro , 
10; ifansonia, 2; Orthopodomyia, 2; Deinoccriics , 2; 
IVyeonysG, 3; Uranciacma , 3; Megarhinus, 2). The 
Chaoborinae, which arc poorly known, arc treated 
briefly, but for each spedes of Culidnac there are 
included detailed descriptions of the female, the male 
genitalia, and the larva, and notes on distribution, 
breeding and feeding habits. Drawings of about 107 
genitalia and 25 larvae arc included in the 33 plates at 
the bade of the book, which also illustrate typical 
breeding places. Mention is made of the known rela- 
tion of the various anophcline spedes to the trans- 
mission of malaria; A'cdts carJator and Culcx iarsalis 
arc noted as vectors of equine encephalomyelitis and 
Acdcs cegypti of yellow fever and dengue. 

A valuable addition to this new' edition is the in- 
clusion of over 200 classified bibliographic references, 
providing an excellent initial guide to the extensive 
literature on mosquitoes, not only of America but of 
other regions as well. The section on the Chaoborinae 
is also a welcome addition, as are the many new' figures 
and the improved keys with their convenient page 
references. It is interesting to note the increase in 
number of spedes treated, from about SO to 121 Culi- 
dnac, reflecting the increase in knowledge of this group 
in the fifteen years since the first edition appeared. 
(In 1901 L. O. Howard included only 25 spedes in 
the first general w’ork on U. S. mosquitoes!) The space 
devoted to the anopheline mosquitoes has been doubled 
and five more spedes recognized w'ithin the States 
(bradkyi, gcorgiatuis, frccbortii, and franciscanus , all 
tentatively raised from subspecific rank, and dlbimamts 
on our southern border). This edition adopts the 
generic names Culiseta for Thcobaldia and Mansonta 
for Tocniorhynchus , in accord with current validated 
usage, and also indicates subgeneric groupings within 
the larger genera. 

The necessarily brief treatment of mosquito-borne 
diseases and control indudes only passing mention of 
the newer developments in these fields. Even in a 
brief summary', the interesting recent discoveries re- 
garding the epidemiology and endemidty of yellow 
fever deserve more explirit mention than the author 
accords them. It is surprising that he does not use 
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tlie term “virus” to designate the causative agent of 
yellow fever (“the parasite . . . seems as yet unknown”), 
although he does for dengue and encephalitis. The 
publication of this edition followed hard upon the im- 
portant advent of aerosols and DDT as promising new 
methods of attacking mosquitoes, and they arc duly 
noted. In the chapter on techniques, no mention is 
made of light traps, chloral-gum mounting media, or 
dissecting methods for detecting malaria in mosquitoes, 
though these would well merit inclusion. 

Fortunately, despite wartime restrictions, tire book 
has been issued on the good quality paper that is neces- 
sary for durability and for clear printing of the many 
excellent illustrations. The format is neat and attrac- 
tive, tire typography uniformly good and effectively 
designed for ease of reading and reference. The text 
is remarkably free of printer’s errors, and an adequate 
index insures the utility of the volume. 

, Professor Mathcson is to be congraulatcd upon the 
successful completion of the herculean task of revision 
of iiis useful book. It is a mine of valuable informa- 
tion in the confines of a true “handbook.” At this 
time it is more than ever evident that the practical 
aspects of mosquito -knowledge are literally a matter 
of life and death. Broadly conceived and sound aca- 
demic studies such as this are fundamental to practical 
progress and provide part of the essential power in the 
complex machinery of combatting some of the more 
material ills that beset man. 

Albert Miller 

Introduction to Parasitology . Asa C. Chandler. 

7th Edition, John Wiley & Sons, Inc., New York. 

In 716 pages with 309 figures the author accurately 


presents the three branches of parasitology, namely; 
protozoology, helminthology, and entomology and the 
spirochetes. 

The author has a very smooth and attractive 
language, which retains the interest of the reader. 
The life cycles and morphology of the parasites and 
tire epidemiology and prevention of the diseases 
caused by them arc discussed with great accuracy, but 
for the clinical phases of the diseases the reader should 
consult text books on clinical medicine. 

Rat-bite fever should not be included with the spiro- 
chetal infections because Spirillum minus is a bacterium 
and not a spirochete. According to the author the 
organism shows affinities with the spirochetes in being 
non-culturable, in the type of disease it causes, and its 
susceptibility to treatment with arsphenaminc. The 
facts are that the organism can be cultured, the disease 
may resemble bacterial or protozoal infections and that 
other diseases respond to arsenic. On the other hand, 
no mention is made of bejel and irkintja. On page 
49 it is stated that louse borne relapsing fever is present 
in Mexico and Peru. At the present time there is no 
louse borne relapsing fever in the Western Hemisphere. 
There arc very few mistakes and errors except for mis- 
spelled words and typographical errors. For example, 
on page 131 in the crithidia, the flagellum arises from 
the kinetoplast which has shifted forward in front of 
the nucleus rather than behind the nucleus. 

This book is one of the standard text books on para- 
sitology and it is recommended that the student of 
parasitology and the physician who is practicing trop- 
ical medicine should consult it frequently. 

Harry Senekjie 



ON DIFFICULTIES ARISING IN THE EXPERIMENTAL PROPAGATION OF 

FALCIPARUM MALARIA 1 


Mark F. Boyd 

Station for Malaria Research , Tallahassee , Florida 


\ 

The continued propagation of falciparum 
malaria, either wholly naturally, or through the 
resumption of natural passage after artificial 
propagation, has proved in our experience more 
difficult than that of vivax malaria. Breaks from 
inoculation failures have occurred in the con- 


Plasmodium falciparum has been employed in 
our service at the Florida State Hospital since 
June 1932, largely for the inoculation of colored 
patients. During this period of approximated 
thirteen years, we have employed several strains, 
for the most part of indigenous origin, although we 
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tinuity of anopheline-human passages of all of 
the strains of Plasmodium falciparum which we 
have attempted to propagate routinely, while 
gametocyte production has become precarious 
with strains propagated artificially. The present 
paper is an attempt to analyze the conditions 
under which these difficulties arose, in order to 
elucidate, if possible, some of the responsible 
factors. 

x The studies and observations on which this paper 
is based were conducted with the support and under 
the auspices of the International Health Division of 
The Rockefeller Foundation, in cooperation with the 
Florida State Board of Health and The Florida State 
Hospital. 


have also had available a few exotic strains pre- 
sumably from the American tropics. To the 
former category belong those designated as Coker, 
Long, Costa, Spears, Thomas, Perkins, and 
Bynum; to the latter, the Cuban, Mexican, Pan- 
amanian, and Trinidadian. The Coker, Long, 
and Costa strains were successively used for 
routine therapeutic inoculations over extended 
periods of time. The natural inoculations effected 
with these strains, comprising 108 inoculations of 
white patients and 278 inoculations of colored 
patients and totaling 386 inoculations and re- 
inoculations, are epitomized in table 1. Of these, 
takes were secured on primary inoculation in 
71.2 per cent of white patients and 67.5 per cent 
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TABLE 2 

Experience with Various Mosquito Lots Employed in Consecutive TIuman-Anopheline Passages of Various Strains of P. falciparum 
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Failures 

Takes 

Failures 

Takes 

Failures 

Takes 

Failures 

t 

Takes 

Failures 

Takes 

Failures 

Takes 

Failures 

Takes 

Failures 

strain 


Thomas 

Spears 

Coker 

Perkins 

Coker 

1 

Long 

1 

Cuban 

Mexican 

Panamanian 
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a 

a 

! O 

U 

ag 

ga 

s 

a 

o 

Autochthonous in- 
fection 

Blood inoculated 
patient 




















Bynum Takes 
Failures 
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of colored patients. The differences are not 
significant. The inoculations discussed were effec- 
ted with 111 different lots of falciparum-infected 
A?wphclcs quadrimaculatus . 

Inoculations were made with varying numbers 
of mosquitoes selected from lots at different in- 
tervals after the completion of the extrinsic in- 


consecutive inoculations over periods as long as 
three weeks. These mosquitoes were, however, 
used but once. As a rule, later selections of 
mosquitoes for inoculations were not made from 
a lot when the prior application of representative 
specimens had not resulted in takes after the lapse 
of the characteristic mean prepatent period. 


TABLE 3 

Circumstances Attending Fifteen Breaks in Natural Passage 


SIXAIN 

PASSAGE 

SEMES 

‘ 

PENULTIMATE PASSAGE 

UNSUCCESSFUL ULTIMATE PASSAGE 

Mosquitoes employed 

Patients 

Mosquitoes employed 

Patients 

per cent 
infcc. 
lot 

Infected 

Takes 

Failed 

per 

cent 

infec. 

lot 

Infected 

Takes 

Failed 

Number 

Age spor. 
in days 

Number 

[ Age spor. 
in days 

Min. 

Max. 

m 


a 

B 

B 

c. 

\m 

Max. 

Min 

Max. 

W. 

1C. 

II 

IB 

Coker 

a 

29.8 

1 

1 

i 

1 

0 

1 

0 


25.0 

i 

1 

4 

13 

0 



4 


b 

71.0 

1 

2 


20 

1 

6 

0 


24.7 

2 

2 

14 

16 

0 


0 

3 


c 

52.5 

1 

5 


12 

1 

2 

0 


87.5 

4 

7 

32 

38 

0 

0 

0 

3 


d . 

75.2 

4 

9 


32 

0 

4 

0 

2 

54.5 

S 

S 

30 

9 

0 


0 

1 


e 

64.4 

3 

6 


8 

0 


0 

o 

88.2 

4 

13 

7 

32 

0 


2 

6 


f 

82.4 

5 

6 

18 

23 

0 


0 

1 

50.7 

4 

6 

16 


0 


0 

2 

Long 


86.6 

4 

9 

16 

28 

0 


1 

0 

79.2 

5 

12 

14 

17 

0 


0 

4 



31.5 

1' 

3 

H 

5 

0 


0 

4 

20.0 

5 

6 

8 

11 

0 

0 

2 

0 



35.2 

3 

3 

H 

3 

0 


0 

0 

26.6 

2 

2 

5 

5 

0 

0 


1 



90.0 

4 

8 


19 

0 

3 

3 


87.0 

4 

6 

3 

3 

0 



5 

Perkins 

a 

46.9 

4 

15 


21 

0 

4 

0 


71.2 

3 

1 8 

14 

29 

0 


2 

5 

Costa 


| 64.4 

5 

5 

4 

7 

0 

4 

n 


65.2 

2 

2 

9 

9 

0 


1 

0 



75.6 


7 

3 

5 

3 

0 

1 

0 

47.0 

4 

5 

9 

9 

0 

0 

2 




66.6 


8 

6 

6 

0 

1 

0 

2 

19.4 

2 

5 

7 

S 

0 

0 

2 



tfl 

i 


1 







23.8 

5 

5 

7 

7 

0 

HI 

1 



cubation period. Reference in following tables to 
age of sporozoites in days is to days elapsing from 
the completion of the extrinsic incubation period. 

The numbers of mosquitoes applied varied with 
the incidence of infection in the lot as determined 
from the observation of stomach infections in 
specimens dissected during the extrinsic in- 
cubation period, but always with the idea of 
effecting the inoculation with an excess of spo- 
rozoites. As a general rule the mosquitoes were 
employed but once for inoculation, and 'within 
24 hours their salivary glands were dissected and 
examined. In most instances, all the inoculations 
effected by different mosquitoes selected from a 
lot were made simultaneously, but in a small 
number of cases, withdrawals were made for 


Based on the results secured from their appli- 
cation, the different mosquito lots may be con- 
veniently grouped as follows: 

a) No takes resulting from 27 lots employed in 
67 inoculations. 

b) Application resulting in a variable pro- 
portion of takes and failures — 34 lots pro- 
ducing 91 takes and 58 failures in 149 inoc- 
ulations. 

c) Takes resulting from all applications of 50 
lots employed in 170 inoculations. 

The strains represented by these 111 mosquito 
lots were originally recovered either from patients 
with autochthonous infections, or from patients 
artifically subinoculated from the original autoch- 
thonously infected patient. The extent to which 
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we were able to maintain them by subsequent 
consecutive anopheline-human passages, is shown 
in table 2. It will be seen that 13 consecutive 
human-anopheline passages were effected with 
the Long strain, and runs of 7 and 9 were secured 
with the Coker and Costa strains. 


9 

shown in table 3. It should be stated that all of 
the patients in the ultimate series of propagation 
before the 15 breaks (12 white, 34 colored), were 
bitten by varying numbers (from 1 to 13) of de- 
monstrably infected anophelines, yet none became 
infected. The numbers of infected mosquitoes 


TABLE 4 


Numbers of Infected Mosquitoes Used in the Penultimate and Ultimate Series of Inoculations before the Fifteen Breaks, 

Compared with the Age of Their Sporozoites 


ACE SPOROZOITES 

SERIES 

NUMBERS OF INFECTED MOSQUITOES 

1-5 

6-10 

11+ 

Total 

Inoc. 

Takes 

1 Inoc. 

Takes 

Inoc. 

Takes 

Inoc. 

f 

Takes 

days 

i 

1 







mm 


1-5 

Penultimate 

9 

5 

5 

4 




9 * 


Ultimate 

i 

5 

0 

2 

0 



H 

0 

6-10 ' ! 

Penultimate 

14 

14 

4 

2 




16 


Ultimate 

10 

0 

1 

i 

0 



■fl 

0 

11-20 ■ 

Penultimate 

10 

8 


6 

2 

2 

n 

16 

I 

Ultimate 

9 

0 


0 

2 

0 

m 

0 

21+ 

Penultimate 

2 

0 


1 

1 i 

2 

1 

1 

i 

1 


3 


Ultimate 

7 

0 


0 

i 

1 

0 

Kfl 

0 

Total 

Penultimate 

35 

27 

20 

14 

3 

3 

i 58 

! 44 


Ultimate 

31 

i 

0 

12 

0 

3 

0 

46 

1 o 


TABLE 5 

Numbers of Infected Mosquitoes Employed from Twenty-seven Lots Giving Sixty-seven Unsuccessful Inoculations , 

Compared with Age of Their Sporozoites 


NUMBERS OF INFECTED MOSQUITOES 


AGE SPOROZOITES 

i 

6-10 

11+ 

Total 

Inoc. 

Take 

Inoc. 

1 

Take 

Inoc. 

Take 

Inoc. 

Take 

days 









1-5 

5 

0 

2 

0 



7 

0 

6-10 

14 

0 

4 

0 



18 

0 

11-20 

11 

0 

8 

0 

2 

0 

21 

0 

21+ 

14 

0 

6 

0 

1 

1 o 

i 

21 

0 

Total 

44 ; 

0 

20 

0 

3 

0 

67 

0 


As noted, there are 27 breaks in continuity of 
passage due to inoculation failures after the ap- 
plication of demonstrably infected mosquitoes. 
The circumstances attending 15 of these breaks, 
when the unsuccessful inoculation had been 
preceded by at least one successful passage, is 


employed in these inoculations, and the age of 
their sporozoites, are compared in table 4, further 
distinguishing between the unsuccessful ultimate 
passages, and the corresponding penultimate 
passages with varying proportions of takes. The 
inoculations effected in either series did not sig- 
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niiicantly differ in the number of infected mos- 
quitoes applied or in the age of their sporozoites. 
Yet 76.0 per cent of takes were secured in the 
penultimate series, and none resulted from the 
inoculations in the ultimate series. It is not evi- 
dent that the universal terminal failures can be 
generally ascribed either to a deficiency of infected 
mosquitoes or to excessive age of their sporozoites. 


lots (distinguishing the 15 more specifically men- 
tioned), is shown in table 6, 

While the incidence of infection was less than 
50 per cent in 12 of the 27 lots, we would, neverthe- 
less, regard the remainder as of good quality* 
For purposes of maximum contrast, we may 
next turn to a consideration of the 170 takes re- 
sulting from the employment of the 50 lots giving 


TABLE 6 

Percentage Incidence of Infection in All Mosquitoes Included in the Twenty-seven Unsuccessful Lots , Distinguishing 

the Fifteen More Specifically Mentioned 


vox GROUP 


PER CENT INFECTION IN UNSUOCESSFCt LOTS 



-10 

11-20 

21-30 

31-40 

41-50 

51-60 i 

i 

61-70 

71-50 

SI-90 

91-100 

Total 

Causing break 

. — 

2 

4 

— 

1 

2 1 

1 | 

2 

3 



15 

Other lots 

1 

i 

i 

1 

2 

1 

1 

- .1 

i ! 

3 

1 

2 

12 

Total 

1 

2 

5 

2 

2 

2 1 

2 

5 

4 

2 

27 


TABLE 7 

Numbers of Mosquitoes in Fifty Lots Giving Universal Takes , Compared with Ago of Their Sporozoites 


NUUBERS OF INFECTED MOSQTJTTOES 


AGE SPOROrOITES 

i — — — — — 

1-5 

6-10 

[ n+ 

Total 


Inoc. 

| Take 

Inoc, 

1 Take 

i 

Inoc, 

Take 

Inoc. 

Take 

days 

1-5 

9 

9 

13 

13 

0 


22 

22 

6-10 i 

49 

49 

32 

32 

10 

10 

91 

91 

11-20 

26 

26 

16 

16 

9 

9 

51 

51 

21+ | 

2 

i 

2 

i 

3 

3 

1 

1 

6 

6 

Total 

86 

86 

J 

64 

1 

64 

20 

20 

170 

170 


The number of infected mosquitoes employed 
from the 27 lots giving the 67 unsuccessful inoc- 
ulations are compared with the age of their 
sporozoites, in table 5. Data from table 4 are 
included. It is again seen that these failures 
have not borne any consistent relation to age 
and dosage of sporozoites. 

Furthermore it is unlikely that man}', if any, of 
these failures can be attributed to a pre-existing 
homologous immunity, as 51 of a li colored pa- 
tients in whom inoculations failed were later 
naturally inoculated with the homologous strain, 
22 takes resulting, and 13 were later artificially 
inoculated, with 13 takes. 

The percentage incidence of infection in all of 
the mosquitoes included in the 27 unsuccessful 


universal takes. The number of mosquitoes and 
the age of their sporozoites are shown in table 7. 
The sporozoites of the mosquitoes considered in 
table 7 were significantly younger at the time of 
inoculation than those of the mosquitoes listed in 
table 5, as shown by a Chi-square of 40.53, P < 0.01 . 
This indicates that difference in the age of sporozo- 
ites has been a significant factor in producing the 
results described. The incidence of infection in the 
successfui lots is shown in table 5. A Chi-square 
comparison of the distribution in tables 6 and S 
indicates that successes and failures from inocu- 
lations were similarly grouped with respect to the 
qualitative level of infection in the lots at more or 
less than 50 per cent. x 

The 149 inoculations effected with the 34 mos- 
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quito lots producing both takes and failures, are 
considered in table 9 from the standpoint of num- 
ber of infected mosquitoes and the age of their 
sporozoites. 

A Chi-square test indicates that the takes and 
failures from the application of these mosquitoes 
were significantly related to the age of their spo- 
rozoites. A Chi-square of 13.24, P<0.01, was 
secured. 

TABLE 8 

Infection in Successful Mosquito Lots 


PER CENT INFECTION IN SUCCESSFUL LOTS 


-10 

11-20 1 

] 

21-30 

3H0 

41-50 

51-60 

61-70 

71-80 

81-90 

91- 

100 

Total 

1 

1 

! 

i 

6 

4 

4 

5 

13 

7 

3 

7 

50 


monstrably parasitized mosquitoes infected at 
these lower densities. This of course is to be 
expected in view of the dissection criterion 
employed. 

Of the 111 mosquito lots considered, 89 were in- 
fected during the first gametocyte wave. These 
comprise 80 per cent of the lots which were wholly 
effective, 57 per cent of those which gave partial 
takes, and 89 per cent of those which were failures. 
The mean number of days elapsing from the first 
appearance of gametocytes to the application of 
mosquitoes for infection were, in the order followed 
above, 14.9, 14.2, and 11.2, slight differences, 
which in .view of the scatter, are not regarded as 
significant. 

The induced falciparum infections frequently 
require some degree of therapeutic interference 


TABLE 9 

Inoculations Effected t vith Thirty-four Lots of Mosquitoes Producing Both Takes and Failures , Showing Numbers of 

Infected Mosquitoes and Age of Sporozoites 


NUMBERS OF INFECTED MOSQUITOES 


AGE SPOROZOITES 

1-5 

6-10 j 

1 11+ i 

Total 


Inoc. 

Takes 

Inoc. 1 

Takes 

Inoc. 

Takes 

Inoc. 

Takes 

days 

1-5 

16 

5 

i 

6 

5 

4 

2 

i 

26 

12 

6-10 

41 

30 

9 

3 

9 


59 

40 

11-20 

14 

9 

30 

24 

5 


49 

35 

21+ 

4 

0 

11 

4 

0 


15 

4 

Total.... 

75 

44 

56 

36 

IS 

11 

! , 149 

91 


The number of natural inoculations effected 
with exotic strains was small (22), In compar- 
ison with indigenous strains the proportion of 
takes is somewhat lower, but in view of the small 
numbers of inoculations involved, the data are 
not regarded as significant. 

The infectiousness of the patients from whom the 
mosquitoes, included in these groups of 27 and 50 
lots, derived their infection, is compared in 
table 10. Although in both series of lots (A: 
giving no takes; B: giving all takes) a trend is 
apparent for the incidence of infection in the 
mosquito lots to increase directly with the game- 
tocyte density prevailing in the infecting patient, 
roughly one-third of the lots in each series was 
nevertheless infected at densities not exceeding 
500. gametocytes per c.mm., and many takes 
actually resulted from the application of de- 


shortly after their onset, to control the exuberance 
of their evolution. We commonly employ quinine 
for this purpose. It is reasonable to assume that 
all traces of quinine will have disappeared from the 
body by the end of 10 days after the administration 
of the last dose, although it is conceivable that 
some of the gametocytes still in circulation after 
that interval actually came in contact with the 
last traces of the drug during their developmental 
period. 

In table 11 there is presented a summarization 
of the extent to which quinine had been admin- 
istered to the patients on whom the various 
mosquito lots were infected, further indicating 
whether the last dose administered was given 
within 10 days or less of their application, or a 
longer interval had elapsed. This table further 
presents the inoculation results secured from the 
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application of the mosquitoes from these lots lots were infected, docs not reveal a significant 
considered from the standpoint of the quinine relationship. A comparison of takes and failures 
administered. among the 239 patients whose mosquitoes had 


TABLE 10 

Correlation of Gametocyte Density with ReutUani Infection its Mosquitoes 


TOTAL CAUrTOCYTT r . 

n.R c.mm. 

vrt ctst twetwj h urr 

TOTAL 

- 

10 

lt-20 

21 

-20 | 

JH0 ! 

j 

u 

-50 

51 -tf) 

6t 

-70 

71 


ftl-90 

91- 

-too 

Giving 

no 

tain 

**A M 

Giving 

all 

tain 

*'ir 

A 

11 

A 

n 1 

A 

11 j 

D 

□ 

D 

D 

n 

□ 

D 

1 

n 

□ 

□ 

D 

m 

Q 

None 

Less than 100 

101-500. 

1 

1 

2 

i 

! 

| 

4 

i ! 

i 

i 

3 

1 

1 

1 

1 

1 

2 

1 

1 

j 

1 

1 

2 

2 

1 

1 

i 

i 

i 

2 

1 

1 

1 

; 

i 

1 

1 

5 

4 

1 

2 
; i 

i 

i 

j 1 

, 2 

1 

1 

1 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 


0 

1 

9 

4 

3 

4 

2 

4 

0 

0 

16 

11 

9 

6 

6 

2 

501-1000 

1001-2000 

2001-3000 

3001 + 

Not enumerated.. . . 

Total: 








■ 










j 





A 

1 


2 


5 


2 

■ 

2 


2 


2 


1 5 


4 


2 


27 


B 


1 




6 


B 


4 


5 


13 


7 


2 


' 8 


50 


TABLE 11 


Amount and Time of Quinine Administration to Infector Prior to the Application of Mosquitoes 


result or application 
or LOTS 

- - . 

TOTAL 

i 

QUININE ADUINI STRATI OS* TO MOSQUITO LOT INTECTOK rHiOR TO 

a rrucATto.v or mosquitoes 

Lota 

i 

Patients inoc. 

None 

Ten grains or leas 
within 

Eleven grains or more 
within 

a) More, or 

b) Less 

c) More, or 

d) L e?A 

than the ten days prior 
to mosquito feeding 

than the ten days prior 
to mosquito feeding 

All takes 

48 (+2*) 


17 


5 

13 

8 



166 (+4*) 

51 


13 

58 

29 

Partial takes 

32 (+2*) 


16 


2 

4 

5 

takes 


84 (+7*) 

44 


3 

9 

14 

failures 


55 (+3*) 

i 27 


■■ 

6 

11 

All failures 

27 


5 

i 

6 

&kM 

4 

9 



67 

11 

IS 

8 

10 

20 

All lots 

107 (+4*) 


| 38 

16 

10 

21 

22 

All patients 







' 43 

takes 


250 (+11*) 

95 

29 

16 

67 


failures 


122 (+3*) 

3S 

22 

15 

16 

31 

total 


372 (+14*) 

133 

,51 

31 

S3 

74 


* Lacking data re quinine. 


A Chi-square analysis of all takes and failures on been infected on patients receiving quinine, con- 
inoculation, compared with the quinine experience sidered as to whether the last quinine had been 
of the patients on whom the respective mosquito administered* either more than 10 days (column 
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a,c) or less than 10 days (column b,d) from the 
date of their infection, gives a Chi-square of 6.17, 
with a probability value of 0.05 >P >0.01. A 
further consideration of takes and failures in the 
157 patients inoculated by mosquitoes infected on 
patients who had received 11 grains or more of 
quinine within either more (column c) or less 
(column d) than 10 days of the infection of these 


quinine has accelerated the deleterious effect of 
age on the sporozoites. 

The mean number of infected mosquitoes and 
the mean age of their gland infection in all inoc- 
ulations are classified according to the results 
following their employment in table 13: 

The data presented in tables 9, 12, and 13 
corroborate the fairly rapid deterioration of fal- 


TABLE 12 


Age of Sporozoites in Infecting Mosquitoes Compared with Results from Their Application, with Indication as to 

Whether Mosquito Infectors Have Received Quinine 



NO QUININE GWEN TO MOSQUITO- INFECTING 
| PATIENTS 

QUININE GIVEN TO MOSQUITO-INFECTING* 
PATIENTS 

AGE or SPOROZOITES 

Failures 

Takes 

Failures 

Takes 


AU 

Partial 

All 

All 

Partial 

AH 

days 

1-5 



5 

5 

■ 

i 

5 

■M 

15 

6-10 

2 


23 

25 


11 

KS 

66 

■ 

5 


16 

19 

7/ | 

5 

Ifi 

30 

| 

4 



2 

17 

7 

■9 

4 

Total 

mm 

27 

44 

51 

56 

28 

40 

115 

Mean age 

■a 

11.7 

10.2 

11.0 

14.7 

12.7 

12.3 

9.7 

SE 

EH 

±1.1 

±0.9 

±0.8 

±0.9 

±1.3 

±1.1 

±0.6 


* Less 14 patients for whom quinine data are lacking. 


mosquitoes, gives a Chi-square of 9.425 with a 
probability value of P <0.01. These observa- 
tions indicate that the administration of quinine 
to the patients on whom the inoculating mosqui- 
toes were infected, has been prejudicial to the 
vitality of the parasites. While it is well known 
that mosquitoes can be infected by the gameto- 
cytes in patients with falciparum malaria who are 
receiving quinine, it has been assumed that the 
parasites resulting from the completion of the 
subsequent sporogonous cycle were unimpaired. 
These data indicate that even though the ga- 
metocytes were able To infect the mosquitoes and 
the sporogonous cycle was completed therein, the 
resulting sporozoites are frequently deleteriously 
affected and become unable to infect the patients 
to whom they are later applied. 

The age of the sporozoites in the infecting 
mosquitoes is compared in table 12 with the results 
from their application, further distinguishing as to 
whether or not the mosquitoes had been infected 
on patients receiving quinine. 

These results do not indicate that the effect of 


TABLE 13 


Mean Number of Infected Mosquitoes and Mean Age of 
Their Gland Infection , All Inoculations . Classified 
According to Results of Their Application 


RESULTS 

NUM- 
BER OP 
LOTS 

PA- 

TIENTS 

INOCU- 

LATED 

MEAN 

NUM- 

BER 

IN- 

FECTED 

ANOFHE- 

LINES 

MEAN 

AGE 

SPORO- 

ZOITES 

All takes 

50 

! 170 

| 6.2 

days 

10.0 

Partial takes 

34 

1 91 

6.4 

10.7 

Partial failures 

1 

i 34 

I 58 

6.1 

i 

11.7 

All failures 

27 

67 

5.0 

14.7 


ciparum sporozoites with age, to which vre called 
attention some years ago (Boyd, Stratman- 
Thomas, and Kitchen, 1936), This suggests the 
existence of a rather high falciparum sporozoite 
threshold. Such might be consequent to a di- 
minished vitality of the sporozoites resulting from 
the administration of quinine to the patient from 
whom their progenitor gametocytcs were derived. 
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Artificial propagation of strains has been per- 
formed under the following circumstances: 

a) An artificial subinoculation to secure an 
infectious patient when the original autochthonous 

TABLE 14 

Passages Effected during Artificial Propagation of 
Strains 


NUMBER OF ARTIFICIAL PASSAGES 
BEFORE INFECTION OF MOSQUITOES 



1 

2 

3 

4 

5 

<5 

7 

81 

Spears 

1 








Coker 

2 

2 







Long 

3 

2 

2 





1 

Costa 

2 

3 

1 

1 

1 




Thomas 

i 








Perkins 






1 



Cuban 


1 

1 






Mexican 



1 

2 


i 



^Panamanian 





1 



1 

Bynum 


1 





1 

i 

*Trmidad 

1 






1 

i 

Harden 


1 


\ 

\ 


1 

t 

1 

1 

! 

Total 

10 

10 

5 

3 

2 

i 

1 2 

' 1 

1 2 


* Mosquito lots were not infected after the later 
passage of these strains. 


that the recipient would produce sufficient ga- 
metocytes for the infection of mosquitoes. 

c) For the preservation of strains which were 
not being used for routine inoculations. 

The series of artificial passages effected during 
the propagation of strains are shown in table 14. 

In many instances anophelines were success- 
fully infected from a single artificially inoculated 
patient, in others a low level of infectiousness in 
the successive patients artificially inoculated 
prevented satisfactory recovery of the strain in 
mosquitoes. The present examination is limited 
to a consideration of low infectiousness in those 
consecutive artificial propagations consisting of 5 
or more passages, and involves the Long, Costa, 
Perkins, Mexican, Panamanian (2 series), Bynum, 
Trinidad, and Harden strains. Except in one 
instance, all inoculations which were intravenous, 
resulted in takes. Termination of a series of 
artificial passages occurred either because (a) 
mosquitoes were finally successfully infected, or 
(b) the strain was deliberately discontinued. 
Strains were discontinued either when congestion 
of wards or temporary insufficiency of patients 
prevented their further propagation, or when it 
appeared that gametocyte production had become 
so unreliable that later recovery in mosquitoes 


TABLE 15 

Maximum Gametocyte Densities in Lineal and Collateral Passages , 132 Inoculations 


MAXIMUM GAMETOCYTE S PER C.MM. 


STRAIN 

1 None 

-100 

101- 

■1000 

1001+ 


Lin. 

Col. 

Lin. 

1 Col. 

Lin. 

Col. 

Lin. 

Col 

Long 



m 




i 

3 

Costa 




■ ■ 



2 

3 

Perkins 

4 

1 


■ 

m 


i 

1 

Mexican ! 




i ' n 



! 7 

2 

Panamanian (1) 1 



WB8i| 

XX 

■ . 


1 

i 

1 

Panamanian (2) 1 

3 | 

2 





1 


Bynum 1 


2 


M 

■ 

2 

4 


Trinidad 

5 

6 

8 

XX 

• , V ' 


3 

1 

Harden 

1 


1 » 

u 


2 

5 

1 

Total lineal 

13 


I 22 


1 27 


25 


Total collateral ' 


11 


10 

i 

; I 2 

1 

12 

i 


patient resided at a distance, currently had a low 
gametocyte density, or a latent infection. 

b) When breaks in the continuity of natural 
inoculation passage necessitated an artificial 
subinoculation to preserve the strain, in the hope 


appeared impracticable. There are considered 
31 inoculations of white patients and 101 inoc- 
ulations of colored patients. 

The maximum gametocyte densities observed 
in these patients are classified in table 15, in which 
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patients from whom successive propagative inoc- with the racial status and immunological back- 

illations were made arc grouped as “lineal”, and ground of the patients. The racial distinctions 

those from whom no subinoculations were made are conserved in the subsequent analyses, 

are grouped as “collateral.” The question of possible immunity may next be 

In 24 patients no gametocytes were observed, considered. It may be said that the classification 

while in 32 others the maximum density observed in the “known” group is exact, as it refers to 

did not exceed 100 per c.mm. We regard a previous inoculations on our service with ho- 

faldparum gametocyte density not exceeding moiogous or heterologous strains of this parasite. 

100 per c.mra. as inadequate to effect reliable On the other hand, the complete susceptibility of 

TABLE 16 


Fifty-six Passages in Which Gametocytes Were Low in Density or Absent 



infection of mosquitoes. The passages in which .the “unknown” group cannot be inferred. In 
the gametocytes were low or absent are shown in table 18 the gametocyte density is considered 
table 16. according to race of patients and history of pre- 

The experience with the Perkins, Panamanian, vious falciparum malaria, 
and Trinidad strains, indicates that when game- A Chi-square test, computed from a fourfold 
tocyte production became poor or altogether table separating the colored patients on the basis 
lacking, this characteristic was retained in many of their past experience with falciparum malaria, 
subsequent passages. and as to whether their maximum gametogeny 

Some of the clinical and parasitological features exceeded or fell below 100 gametocytes per c.mm. 

of these infections are presented in table 17. gives a Chi-square of 6.15, which has a probability 

It is evident that differences are associated value of 0.02 >P >0.01. This does not indicate 
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that an acquired immunity has adversely affected 
gametogeny on subsequent heterologous reinoc- 
ulations, but rather suggests that it actually' may 
be enhanced thereby. Thus an acquired immu- 
nity on the part of colored patients at least is not 
a factor in the production of the deficiency con- 
sidered. This observation would appear to have 
important epidemiological implications. 


series), and Trinidadian, in which gametogeny 
appears to have failed, were entirely propagated in 
colored patients (table 16). In the Panamanian 
strain gametogeny was irregular, being suppressed 
in the sixth, fifteenth, and nineteenth passages of 
lineal propagation, and low in all others subsequent 
to the fifth. It became low on the second passage 
of the Perkins strain, and failed altogether in the 


TABLE 17 

Clinical and Parasitical Features of Infections in Which Gametocyte Production was Low or Absent 


RACE 

PREVIOUS INOCU- 
LATION WITS 

P. FALCIPARUM 

NUMBER 

PATIENTS 

NUMBER 

WITHOUT 

GAMETO- 

CYTES 

White 

Known 

1 

v 8 

1 


Unknown 

23 

2 

Colored 

Known 

25 

3 


Unknown 

76 

18 

i _ 

Total 

132 

24 


MEAN 


Days 

deration 

illness 

1 

i 

Days 

with 

fever 

1 

1 

Max. density 

Grains 

quinine 

adminis- 

tered 

QUININE 

GIVEN 

TO 

Tropho- 
zoites in 
thousands 

Gameto- 
cytes in 
thousands 

Per cjnm. 

7.5 

6.25 

46.1 

.79 

12.3 

6 

38.5 

21.4 

106.4 

2. SI 

31.1 

23 

13.4 

7.4 

46.4 

1.39 

16.6 

9 

23.0 

' 12.0 

1 66.5 

I 1.40 

20.6 

1 61 
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The usual therapeutic intervention was fre- 
quently required in the management of these 
attacks. The amount of quinine administered is 
shown below in table 19. 

From a fourfold table prepared by segregating 
the colored patients who had not receive quinine 
from those who had, further subdividing on the 
basis of whether maximum gametogeny was 
more or less than 100 per c.mm. a Chi-square of 
2.085 is secured, which is not significant. It does 
not appeaj that the quinine administered had 
adversely affected gametogeny in either white or 
colored patients. 

The extent to which deficient gametogeny in a 
donor is reflected in the patient inoculated with 
his parasites, is shown in table 20. 

A Chi-square computation from a fourfold 
table in which colored donors are separated on the 
basis of 100 gametocytes per c.mm. more or less, 
and compared with similar maximal densities in 
their respective colored recipients, gives a Chi- 
square of 50.29, with Yates 5 correction, which has 
a value of P <0.001. This indicates that when 
gametogeny has been low in the donor, it is likely 
to be poor in the subinoculated recipients. 

The three strains, Perkins, Panamanian (2nd 


TABLE 18 

Gametocyte Density in 132 Patients , According to Race 
of Patient and History of Previous Falciparum 
Malaria 


i 


MAXIMUM DENSITY OF 


l 

PREVIOUS 

gametocytes in thousands 


RACE 

FALCIPARUM 


PER C.MM. 


TOTAL 


MALARIA 







None 

-0.1 

0.1-0.99 

1.04* 


White 

Known 

1 

2 

4 

1 

8 


Unknown 

2 

1 

6 

14 

23 

Colored 

Kin own 

3 

4 

11 

7 

25 


Unknown 

18 

25 

17 

16 

76 

Total 

24 

! 32 

38 

38 

132 


third and subsequent passages. In the Trini- 
dadian it failed in some patients in the seventh, 
eighth, and eleventh, and from the thirteenth to the 
seventeenth and subsequent passages. When re- 
sumed in others between the ninth and sixteenth 
passages it was at a level below 100 per c.mm. On 
the other hand propagation of the Long, Pana- 
manian (first series), and Mexican strains in colored 
patients did not result in failure of this function. 

It is not evident from the limited data that 
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or complete failure of gametogeny has developed 
either gradually (Panamanian, Trinidad) or 
suddenly (Perkins) in different strains. De- 
terioration of gametogeny has become apparent 
after passages by artificial inoculation varying 
from two to six in number. This suggests a 
deterioration in the reproductive capacity of the 
parasite strain involved. 

Considering the 33 patients in the Perkins, 
Trinidadian, and Panamanian (second) series in 
whom gametogeny failed, the mean interval from 
the appearance of trophozoites in the donor until 
the subinoculation was 41.06 days, and in 29 
other patients in whom gametogeny did not fail, 
the mean interval is 50.0 days. On reclassifying 
the above-mentioned 62 inoculations on the basis 
of whether the subinoculum was removed during 
clinical activity or latency in the donor, the sub- 
inoculation was made when 19 were clinically 
active and 43 latent. In the former the mean in- 
terval from the first appearance of trophozoites 
in the donor to the removal of the inoculum was 
26.05 days, in the latter 53.72 days. Gametogeny 
failed in 9, or 47.4 per cent, of inoculations made 

TABLE 20 


Extent to Which Deficient Gametogeny in a Donor is Reflected in Patient Inoculated with his Parasites 
Maximum density of gametocytes in thousands per c.mm. 



inoculated. On the other hand, low gametogeny from clinically active donors, and in 24, or 55.S 
may be perpetuated in colored patients when per cent, of inoculations made from latent donors, 
subinoculated from other colored patients with a Deterioration first became apparent in subinoc- 
defident gametogeny. In our series the weakening ulations made from dinically latent donors, 117 


subinoculation of faldparum strains from a white 
patient who has a low density of gametocytes 
will perpetuate this condition in the redpien ts 

TABLE 19 


Amount of Quinine Administered in 
Therapeutic Intervention 


RACE 

TOTAL 

QUININE 

IN 

GRAINS 

ADMIN- 

ISTERED 

GAMETOCYTES IN THOUSANDS PER C-IUT. 

None 

-0.1 

0.1-0.99 

1.0+ 

Total 

White 

None 

0 

0 

2 

0 

2 


-10 

1 

3 

3 

5 

12 


11-60 

1 

0 

0 

8 

9 


61+ 

1 

0 

5 

2 

8 

Total 

3 

3 

10 

15 

31 

Colored 

None 

6 

i 

6 | 

10 

9 

31 


-10 

6 

10 1 

7 

5 

28 


11-60 

8 

12 | 

8 

8 

36 


61+ 

1 

1 | 

3 

1 

6 

Total 

21 ! 

i 

29 

28 

23 

101 
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days (Perkins), 47 days (Panamanian), and 95 
days (Trinidad) after the first detection of troph- 
ozoites in their infection. It does not appear 
that an excessive interval from the first detection 
of parasites in the donor to the removal of the 
inoculum has contributed to the failure of game- 
togeny, although the possibility that clinical 
latency in the donor was detrimental cannot be 
eliminated. 

In an effort to resuscitate the lost property of 
gametogeny in the Trinidad strain after complete 
failure of gametogeny from the sixteenth to the 
eighteenth passages, a series of six further transfers 
were made, removing the inoculum from the con- 
secutive donors from the second to the seventh 
day after the first appearance of trophozoites, and 
during maximum clinical activity. Although the 
the infections thereby induced attained much 
higher maximal trophozoite densities, the severity 
of the infections were not otherwise enhanced. 
No gametocytes were detected at any time in any 
of these patients. Thus the Trinidad strain in 
the last nine passages has been completely aga- 
metocytogenic. 

SUMMARY AND CONCLUSIONS 

Attention is directed to the difficulties we have 
experienced in the propagation by either natural 
or artificial means of various strains of Plasmodium 
falciparum . Difficulties arising during the course 
of natural propagation are manifested by the 
failure of all or a part of the inoculations to take, 
even though performed by demonstrably infected 
mosquitoes. In view of the dissection criteria 
employed to check inoculations, it would not 
appear that the gametocyte level in the patient 
from whom the mosquitoes were infected has been 
a factor. Neither would it appear that refracto- 
riness of the patients inoculated has been a fre- 
quent obstacle, since takes have commonly re- 
sulted on the reinoculation of such patients. An 
increasing proportion of failures is associated 
with increasing age of the sporozoites present 
in the mosquitoes, a characteristic of which we 
were already aware. This deterioration is more 
rapid than is the case with vivax sporozoites. 


However, since many failures occurred when 
fresh or relatively fresh sporozoites were used, 
this cannot be the sole factor involved. A further 
factor elicited results from the comparatively 
recent ingestion of quinine by the patient on whom 
the mosquitoes were infected. It has not pre- 
vented completion of the sporogonous cycle, but 
nevertheless it has impaired the vitality of the 
resulting sporozoites. 

When certain of these strains were propagated 
artificially, gametogeny deteriorated suddenly or 
gradually. This change has been observed in 
strains propagated in colored patients. Its 
occurrence does not appear to be consequent on 
a heterologous immunity in the patients, since it 
has more commonly been observed in those pre- 
sumed to be susceptible. This change does not 
appear related either to the administration of 
quinine to the patient or to its amount. When 
once initiated it appears to persist throughout 
subsequent passages, and we have not been able to 
overcome this deterioration. 

Failure of gametogeny in strains of Plasmodium 
vivax which have been artificially propagated for 
extended periods in the application of malaria 
therapy has been reported. We succeeded in 
acquiring two strains with such a reputed char- 
acteristic, and, while these were being propagated 
on our service abundant gametocytes were de- 
tected, mosquitoes were infected, and infection 
was transmitted therewith. Our experience with 
this species of parasite leads us to suspect that 
reports of failure of gametogeny indicates lack of 
familiarity with the morphology of the vivax 
gametocytes on the part of the microscopists 
concerned. On the other hand, the morphology 
of the gametocytes of Plasmodium falciparum is 
sufficiently distinctive to render credible any 
reports of their presence or absence. 
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attained pyrogenic levels. The time of the initial 
dose of quinacrine in relation to the inoculation 
does not appear to have influenced the results. 

Experiment B. Single Inoculation with 
Plasmodium falciparum 

Purpose . To ascertain the period of time over 
which the administration of quinacrine hydro- 
chloride should be continued, when given in tw r o 
0.1 -gram doses on two discontinuous days a week, 
to protect against an inoculation with P. falci- 
parum on a single occasion. 

Material and Methods . Similar to those pro- 
vided for experiment <f A”, with the exception 
that (a) only five pairs of patients were provided, 
(b) the initial dose of quinacrine hydrochloride 
was given to all test patients on the day subsequent 
to inoculation, and (c) the period over which 
quinacrine was given to the test patients varied 
from two to six weeks. 

Results . The results of this experiment are 
presented in table 2. Pair no. 2 is rejected be- 
cause the mosquitoes employed were not infected. 
Pair no. 3 is likewise rejected as the control pa- 
tient did not develop an infection. 

Clinically active infections developed in the 
controls to the first, fourth, and fifth pairs. No 
infection was detected in the corresponding test 
patients during the subsequent six months. 

Conclusions. The regimen of quinacrine ad- 
ministered apparently prevented the development 
of infection in all of the test patients with sat- 
isfactoiy controls. Its continuation for a period 
of two weeks was sufficient. 

These results suggest that in some instances the 
administration of quinacrine hydrochloride has 
prevented the acquirement of infection following 
a single inoculation, and has failed in this respect 
in other instances, although it appears that, in the 
latter instances, the infection was overcome shortly 
after becoming patent. 

In view of the circumstance that the practical 
employment of this and other drugs to prevent 
infection is most common in areas where the 
prevailing epidemic or hyperendemic levels in- 
dicate that: (a) the risk of being nightly bitten 
by one or more infected mosquitoes is very real; 
(b) the risk extends over protracted periods of 
time; (c) this implies exposures to more than one 
species of parasite, and (d) also involves exposure 
to an unpredictable number of strains of each 
species as well, it did not appear that the two 


experiments described adequately reproduced the 
conditions of field exposure. In order to meet 
these requirements the following further ex- 
periments were performed. 

Experiment C. Multiple Inoculations with Two 
Species of Parasites 

Purpose . To ascertain the effectiveness of the 
administration of quinacrine hydrochloride, when 
given in daily doses of 0.1 gram for six days a" 
week, against protracted inoculations with P. 
vivax and P. falciparum . 

Material and Methods. The administration of 
quinacrine was begun one week prior to the ini- 
tiation of inoculations. 

Lots of mosquitoes separately infected with 
P. vivax and P. falciparum were provided and 
divided into batches containing three mosquitoes 
each. Batches were applied to patients for inoc- 
ulation in alternation, so that each batch was 
utilized from two to three times with an interval 
for digestion between applications. All mos- 
quitoes employed were finally dissected and 
examined for sporozoites. All inoculations were 
concurrent. 

Three white male patients were placed on 
quinacrine one week before their inoculations 
began. Thereafter one received application of 
vivax-infected mosquitoes three times a week for 
four weeks, a second received application of fal- 
ciparum-infected mosquitoes three times a week for 
four weeks, while the third received alternating 
application of vivax- and falciparum-infected 
mosquitoes six days a week for four weeks. 

The details of the inoculations are given in 
table 3. 

Results. Patient 559 received 19 inoculations 
with P. vivax in the 37 mosquito applications made 
during the fourth-week period. Parasites were 
encountered in the blood smears taken on Decem- 
ber 22 and 23, and again on Februaiy 9 of the 
following year. Their numbers were scanty, 
they did not persist or increase, and no clinical 
activity became evident at these times. How- 
ever, the patient finally exhibited a temperature of 
102.6F. on March 25, and parasites were again 
detected on the following and subsequent days. 
This incubation was of 171 days duration counting 
from the first inoculation, or 147 days counting 
from the last. This initiated a clinical attack of 
vivax malaria which lasted for 34 days before it 
was interrupted therapeutically. The maximum 
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parasite density of 3290 per c,mm, was observed 
on the ninth day of the parasitemia. The re- 
mission lasted 1/ days and was followed by a 


period, 19 inoculations with P. v ivax from the 36 
mosquito applications, and 23 inoculations with 
P. falciparum from 36 further mosquito appli- 


TABLE 3 


Details o; "*• ' -nvtent C 


r»v 

QVIMCKIKE 
flYDROCmOfctDE 
ADMINISTERED 
TO EACH 

TATI ENT 
(CfcAVS) 

rATicNT 559 
r. vivax 

rATiEXT 560-1333 V ATVajc-p PALarAVUM: 

patient 1344 

P. PAterPARVU 
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Infect. 
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412 


3 


1 
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1 


recrudescence lasting five days which ceased 
spontaneously. Parasites were demonstrable as 
late as June 19. 

Patient 560-1333 received, during the four-week 


cations. P. vivax was first observed in the blood 
smear taken on December 23, and the clinical 
onset occurred on December 25, The incubation 
was of 109 days counting from the first inoculation, 
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or 85 days counting from the last. The maximum 
parasite density of 37,900 per c,mm. was attained 
on December 29. Clinical activity had been 
continuous since the onset, but was interrupted on 
the 29th by the administration of 0.1 gm. quina- 
crine three times a day for five days. The last 
paroxysm occurred on the 31st, and the last pa- 
rasites were observed on January 2. At no time 
was P. falciparum noted. 

Patient 1334 received 17 inoculations with 
P. falciparum from 36 mosquito applications during 
the four-week period. He remained clinically 
and parasitologically negative except for an 
unidentified parasite noted in the smear taken 
on January 7, which is regarded as a 
contamination. 

Conclusions* The quinacrine regimen employed 
has apparently given complete protection against 
the falciparum inoculations, but has not pro- 
tected against the vivax inoculations. 

Experiment D. Multiple Inoculations with 
Plasmodium vivax 

Purpose, To ascertain the effectiveness of the 
administration of 0.1 gram of quinacrine hydro- 
chloride when administered in daily doses for six 
days a week, against repeated inoculations with 
P. vivax . 

Material and Methods* Lots of mosquitoes 
infected with P. vivax were provided and divided 
into batches of two mosquitoes each. 

Two presumably susceptible white patients 
were provided. The administration of quinacrine 
to one was commenced one week before the first 
application of mosquitoes and discontinued one 
day subsequent to the last application of the mos- 
quitoes. In the case of the other patients, the 
first administration of quinacrine was on the day 
of the first application of mosquitoes, and con- 
tinued for one week after mosquito application 
terminated. Mosquito batches were applied in 
alternation, so as to allow an interval for digestion 
of the blood meal. Batches were applied to each 
patient on alternating days three times a week for 
four weeks. All mosquitoes employed were 
finally dissected and examined for sporozoites. 
The details are given in table 4. 

Results . Patient 563 received a total of 24 
inoculations with P, vivax from 24 applications of 
infected mosquitoes, during the four-week period. 
He exhibited a single parasite in the smear taken 
on December 8, but no others were seen until 


January 5, thereafter steadily increasing to a 
maximum density of 36,300 per c.mm. on Januaiy 

TABLE 4 

Details of Experiment D 


PATIENT 563 


DAY 

Quinacrine hydro- 
chloride admin- 
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o 

V 

£ 

r< 
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Quinacrine hydro- 
chloride admin- 
istered 

JO 

c r 

<n 

o 

. 2 

1 

& 

rs 

u 

u 

o 

'a 

Oct. 31 

{grams) 

(grams] 

Nov. 1 
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2 

0.1 

439 

2 

2 

27 

0.1 




0.1 




28 









29 

0.1 

439 

2 

2 

0.1 

439 

2 

2 

30 

0.1 




0.1 




Dec. 1 

0,1 

439 

2 

2 

0.1 

439 

2 

2 

2 

0.1 




0.1 




3 

0.1 

439 

2 

2 

0.1 

439 

2 ■ 

2 

4 

0.1 




0.1 




5 









6 





0.1 




7 





0.1 




8 





0.1 




9 





0.1 




10 





0.1 




11 





0.1 





PATIENT 341 
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12. The clinical onset on January 8 initialed a 
series of tertian paroxysms which continued as 
such until January 31, when they became quotid- 
ian. The incubation period was of 56 days 
duration counting from the first inoculation, or of 
34 days counting from the last. The clinical 
activity ceased spontaneously on February 22. 
Parasites were subsequently observed as late as 
July 5. 

When the experiment was begun, it was over- 
looked that patient 341 had previously been the 
recipient of malaria therapy on the sendee. He 
had been inoculated with the McCoy strain of 
P. vivax on August 3, 1938, with a clinical attack 
lasting 45 days subsequent to the onset on August 
12 and thereafter experienced two recrudescences. 
It is to be expected therefore that he possessed an 
appreciable degree of homologous immunity. 

Patient 341 received a total of 24 inoculations 
with P. vivax from 24 applications of infected 
mosquitoes during the four-week period. Par- 
asites were observed in the smears taken on 
March 5 and 17; but they did not persist or in- 
crease in numbers, and no clinical activity was 
exhibited. 

Conclusions . The quinacrine regimen employed 
in this experiment has not protected against the 
acquirement of a vivax infection, even in the case 
of the patient who possessed a homologous im- 
munity, although the latter patient did not exhibit 
clinical activity. 

Experiment E. Multiple Inoculations with 
Plasmodium vivax 

Purpose. To ascertain the effectiveness of 
quinacrine hydrochloride when given in daily 
doses of 0.1 gram for six days a week in protecting 
against repeated inoculations with P. vivax, when 
a high blood level has presumably been secured by 
beginning drug administration two weeks before 
the initial inoculations (during the initial week 
giving the dose twice daily) and continuing the 
dosage for two weeks subsequent to the final 
inoculation. 

Material and Methods. A lot of mosquitoes 
infected with P. vivax was divided into batches of 
two mosquitoes each. 

Two presumably susceptible white male pa- 
tients were provided. The administration of 
quinacrine to each was begun two weeks before 
the initial application of infected mosquitoes. 
Infected mosquitoes were applied on alternating 
days three times a week, and were used in al- 
ternation so as to allow an interval for the digestion 


TABLE 5 

Details of Experiment E 


DAY 

quinacrine 

HYDROCHLORIDE 

REGIMEN 

VA 

590 

TIENT 

591 

jo 

5f 

o 

w 

Fed 

Infected 

£ 

& 

o 

Fed 

Infected 

Apr. 2 

0. 

l gm. 2 X day 





3 

fl 

<t u 





4 

It 

It It 





5 

ft 

<( tt 





6 

tt 

it it 





7 

« 

tt tt 





8 

it 

it it 





9 







30 

ft 

once dn'riy 





11 

tt 

U tt 





12 

it 

ll ft 





13 

U 

tt it 





14 

tt 

tt tt 





15 

tt 

tt tt 





16 







17 

tt 

U tt 

478 

2 1 

478 

2 2 

18 

l< 

ft ft 




* 

19 

(( 

tt tt 

478 

2 1 

478 

2 2 . 

20 

(1 

it it 





21 

it 

tt tt 

478 

2 2 

478 

2 2 

22 

u 

tt ft 

t 




23 







24 

a 

it ft 

478 

2 1 

478 

1 1 

25 

tt 






26 

tt 

it tt 

478 

2 1 

478 

2 2 

27 

tt 

<< ft 





28 

tt 

M it 

478 

2 2 

478 : 

2 2 1 

29 j 

tt 

ll tt 





30 j 







May 1 

tt 

It tt 

478 , 

3 3 

478 : 

2 2 ' 

2 

1 tt 

it it 




' 

3 

tt 

tt tt 

478 : 

2 2 

478 : 

l 2 * 

4 

tt 

tt it 





5 

tt 

tt ft 

478 : 

l 2 

478 ; 

> 1 

6 

tt 

ft ff 





7 







8 

it 

ff it 





9 

tt 

ff ff 





10 

tt 

ft ff 





11 

tt 

<f ff 





12 

tt 

if ff 





13 

tt 

tt tt 





14 







15 

tt 

tt tt 





16 

tt 

tt tt 





17 

tt 

tt tt 





18 

tt 

tt tt 





19 

tt 

If ff 





20 

tt 

f< ff 
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of the blood meal. All were finally dissected and 
examined for sporozoites. The administration 
of quinacrine was continued two weeks after the 
termination of the inoculations. The details are 
presented in table 5. 

* Results. Examination of daily blood smears 
taken from these patients until December 7 did 
not reveal a parasitemia. However, parasites 
were found in patient 590 on December 8, and 
these subsequently slowly increased in numbers to 
attain-a maximum density of 9,600 per c.mm. on 
December 25. Clinical activity was initiated on 
December 14, and continued as a series of quotid- 
ian paroxysms until December 27, when the 
effect of therapeutic interference, begun the day 
before, was evident. The patient received 24 
grains of quinine daily for seven days. The 
initiation of the parasitemia occurred 202 days 
after the termination of the quinacrine course and 
217 days after the last application of mosquitoes. 
The incubation period was of 226 days duration 
counting from the first inoculation, or 208 days 
counting from the last. The daily smears from 
patient 591 remained negative until February 5, 
1945, when one P % vivax was detected in the smear 
of that date. The numbers encountered in 
subsequent daily smears rose slowly to a maximum 
of 1850 on the 13th of February. The initiation 
of the parasitemia occurred 261 days after the 
termination of the quinacrine course, and 276 
days after the last application of mosquitoes. The 
clinical onset occurred on February 10, after an 
incubation period of 300 days counting from the 
first inoculation, or 281 days counting from the 
last. The attack continued as a series of tertian 
paroxysms until its spontaneous termination on the 
18th. Full therapy with quinine was initiated on 
the 22nd, It is interesting to note that on Feb- 
ruary 13 splenic palpation revealed that this 
organ had already attained the level of the um- 
bilicus. 

Conclusions . The extension of the quinacrine 
regimen two weeks in either direction beyond the 
period of the inoculation, has not prevented these 
patients from developing a clinically active vivax 
infection. 

discussion 

From the data submitted it appears that P. 
vivax and P . falciparum react differently when 
inoculated into white patients routinely receiving 
quinacrine. The observations of experiment C 
indicate that the administration of 0.1 gram six 


days a week continued during the period of ex- 
posure has afforded complete protection against 
the acquirement of a falciparum infection, but has 
not protected against a vivax infection. Even 
the materially lower dosages in the continued 
regimens employed in experiments A and B appear 
in some instances to have protected against the 
acquirement of falciparum infection, and in the 
instances when the infection became patent, ap- 
pear to have exerted a therapeutic effect before 
the onset of clinical activity. 

The observations of experiment D indicate 
that when the period of administration closely 
coincides with the time of exposure, doses of 0.1 
gram per day for six days a week are inadequate 
to protect against the acquirement of a vivax 
infection. 

Even when the period over which these doses 
are given is extended to at least two weeks before 
and two weeks subsequent to the time of exposure, 
vivax infections later become clinically active, 
although exhibiting a more extended incubation 
period. Since it is well known that vivax in- 
fections may, even without suppressive therapy, 
sometimes present protracted incubation periods 
approaching a year in duration, it is likely that a 
high proportion of individuals who have received, 
suppressive therapy for extended periods will 
also finally experience clinically active vivax 
malaria after protracted incubation periods. 

Attention should be directed to what would 
appear to be a fundamental difference in clinically 
active vivax infections arising on the one hand as 
the result of a single inoculation with a single 
strain of parasites, or on the other as a result of 
repeated inoculations with numerous strains. 
The attack arising from autochthonous infections 
acquired in regions of low endemicity or naturally 
induced infections are of the first category; those 
arising after protracted exposure in regions of 
high or hyper-endemicity are of the second. There 
is a possibility that the representatives of the 
different strains acquired under the latter cir- 
cumstances do not simultaneously participate in 
the initial clinical activity, but may become 
successively and discontinuously active. In the 
latter event the various clinical episodes would not 
necessarily represent a series of recrudescences 
and relapses in which all strains present partici- 
pate, but some at least may represent primary 
clinical activity due to distinct strains operating 
alone, and various recrudescences and relapses 
may be due to the reactivation of distinctly 
different strains. 
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INTRODUCTION 

A considerable proportion of army personnel 
returning to this country from Pacific combat 
areas have malaria infections. In addition to 
soldiers requiring hospitalization for malaria 
per sc, personnel hospitalized because of wounds, 
or other causes, arc found to have malaria also. 
Parasitological studies of these patients indicate 
that about 90 per cent of these infections are with 
Plasmodium vivax (McCoy, 1944). However, in 
the field it is known that the ratio of vivax to 
falciparum infections is more nearly equal and 
often in favor of the latter parasite. This cir- 
cumstance is not too surprising. In simultaneous 
inoculations with the two species, the falciparum 
infection develops first, and has clinical expression, 
apparently holding the vivax infection in abeyance. 
Later, sometimes after nearly a year, the vivax 
infection will develop and produce illness for the 
first time (Boyd and Kitchen, 1938). Infections 
with falciparum respond better to treatment than 
do vivax infections in the sense that intensive 
chemotherapy during the primary attack more 
often prevents relapses. In general, falciparum 
infections are short lived as compared with vivax 
infections, the latter tending to relapse over a 
period of two years, or more, in spite of any known 
form of therapy. 

Since much of the war is being and will be fought 
in highly malarious areas, it is reasonable to infer 
that personnel of the armed services returning to 
this country will import numerous strains of 
malaria parasites, particularly of P. vivax . In- 
evitably personnel on furlough or discharged to 
civilian life will have malaria infections. Con- 
sequently, it is logical to expect that gametocyte 
carriers among these individuals will have a na- 
tional distribution and that some of them will 

x The work described in this paper was done under 
a contract, recommended by the Committee on Medi- 
cal Research, between the Office of Scientific Research 
and Development and the University of Tennessee. 
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come in contact with anopheline mosquitoes in 
situations where malaria has been unknown for 
many years, as well as in places where malaria 
is endemic. The possibility of transmission of 
imported strains of malaria by indigenous ano- 
phelines, therefore, becomes a matter of con- 
siderable epidemiological significance and has 
stimulated the observations upon which this 
report is based. 

The objective of this investigation was to de- 
termine whether Pacific strains of P. vivax can be 
transmitted by Anopheles quadrimaculatus under 
more or less optimum laboratory conditions. 
Through the courtesy of the administration of 
Kennedy General Hospital, 2 blood was taken from 
patients with vivax infections and used to inoculate 
patients on the malaria therapy service of Gailor 
Psychiatry Hospital. Upon the development of 
infections by these patients, lots of Anopheles 
quadrimaculatus were applied to them w T hen ga- 
metocytemia favored infection of mosquitoes, as 
judged by experience with infections with the 
McCoy strain (Boyd, 1940) of P. vivax . Mos- 
quitoes which had been fed were kept in a room 
with a temperature range of 76° to 82° F. and a 
mean relative humidity of 80 per cent. Stomach 
dissections were not done routinely, but salivary 
gland dissections were initiated on the 17th day of 
incubation. This date was selected because the 
exogenous cycle of McCoy vivax is completed 
uniformly in 17 days under the conditions given 
above. 

Representatives of lots of mosquitoes which 
developed salivary gland infections were applied 
to patients until each patient had been bitten 
by at least three gland-positive specimens. 

ORIGIN OF THE P. VIVAX STRAINS STUDIED 

All strains studied presumably originated in 
Pacific war zones, the infections being acquired 

2 It is a pleasure to acknowledge the helpful coopera- 
tion of the hospital staff, particularly Lt. Col. Vernon 
E. Powell, Chief of Medical Service. 
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between January and April 1943. With one ex- 
ception, the patients from whom the strains were 
obtained all denied having malaria prior to service 
in the Pacific areas and as civilians lived in urban 
communities north of the Ohio River. Strain 
P-4 was obtained from a native of Texas who gave 
a histoiy of having had a febrile illness about 
1932 which may have been malaria. 

With one exception the patients had experienced 
from 3 to 8 relapses since the acute initial attack. 
Strain P-2 was obtained from a soldier who had 


There was no demonstrable splenomegaly nor 
any finding of moment save a rather marked 
atabrinc discoloration of the skin. Inoculation of 
a patient with blood from this individual pro- 
duced a rather severe infection, so there is no 
question of the virulence of the strain. The 
soldier was from northern Michigan with a neg- 
ative past history for malaria. Consequently, it 
would appear that suppressive treatment may 
have enabled him to establish a considerable tol- 
erance to his infection. 


TABLE 1 


Some of the Characteristics of Blood-Induced Infections voilh Pacific P. vivax Strains 


STRAIN 

: 

CAILOR 

nosrirAt 

NUMBER 

NUMBER 

PAROXYSMS 

TEMPERATURE 

(rectal) 

MAXIMUM PARASITEMIA 
PER CUM. BLOOD 

REMISSION* 

PREVIOUS MALARIA 
HISTORY 





P-1 

88 

9 

89 

107.2 

27,600 

6,348 

T 

None 

* 

89 

27 

31 

106.4 

30,972 

9,291 

T 

None 


127 

12 

85 

106.4 

1 21,434, 

4,287 

S 

Yes 


128 

0 

0 


50 - 

0 

S 

Yes 


129 

19 

110 

106.4 

29,600 

5.920 

T 

None 

P-2 

93 

i 

8 

83 

106.2 

13,160 

1,316 

T 

Doubtful 

P-3 

1 

47 

8 

1 

46 

107.2 

22,680 

3,629 

T 

None 


119 

0 

0 

i 

50- 

0 

S 

Yes 

P-4 

107 

0 

i 

0 


50- 

0 

S 

Yes (vivax) 


142 

5 

19 

106.0 

13,680 

8,208 

! S 

Yes 


144 

16 

61 

106.0 

12,156 

1,945 

1 s 

Doubtful 

P-5 

111 

17 

70 

106.6 

36,000 

7,200 

S 

Yes 


114 

18 

42 

106.6 

10,212 

102 

1 S 

Yes 

P-6 

51 

13 

76 

106.6 

14,960 

1,795 

T 

Yes 


110 

0 

0 


50- 

0 

S 

Yes (vivax) 


147 

17 

101 

106.6 

29,600 

! 7,104 

T 

Doubtful 


* T — Induced therapeutically. 
S — Spontaneous. 


received suppressive treatment with atabrine at 
the rate of 0.1 gram daily, including Sunday, from 
January 1 to April 1, 1943. He was then evac- 
uated t6 the United States, reaching San Fran- 
cisco on May 18. He stated that he had never 
been ill with malaria. Shortly after reaching 
Kennedy General Hospital early in June he de- 
veloped a low grade fever, and a routine blood 
film was found to contain large numbers of P. 
vivax. On the date he was examined his blood 
contained 9,480 parasites per c.mm., of which 
16 per cent were gametocytes. He was afebrile 
' at this time and seemed to feel perfectly well. 


CUNICAI# AND OTHER CHARACTERISTICS OF 
TROPHOZOITE-INDUCED INFECTIONS 

Infection of four patients with negative and of 
three patients with doubtful past histories of 
malaria was accomplished without difficulty by 
inoculation with blood from infected soldiers at 
Kennedy Hospital On the other hand, in nine 
cases with a definite past history of malaria, either 
induced or otherwise, four individuals failed to 
develop clinical activity and parasites appeared in 
their thick blood films on only one or two occasions 
(table 1). 

In all patients with a negative past history of 
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malaria and in two of the three cases with a 
doubtful malaria history, artificial remission of 
the clinical course was resorted to- It appears 
likely that all cases with a therapeutic remission 
would have continued for some tune had not 
quinine or atabrine been exhibited- A sponta- 
neous remission of infection occurred in eight of 
the nine cases with a definite p^st history of 
malaria. 

Rjegjardless at previous malaria history, the 
clinical expression of infections with Pacific vivax 
strains was not unusual as compared with in- 
fection with McCoy vivax ; in general the paroxysms 
were perhaps somewhat less severe. In only one 
instance was temperature in excels of 106.6 F. 
(rectal) recorded. In no instance was the para- 
sitemia extraordinarily high, the maximum count 
being 36,000 per c.mm. All strains appeared to be 
good gametocyte producers. From these stand- 
points, the parasitological characteristics are not 
unlike those observed in McCoy vivflx. 

No detailed morphological studies were made 
of the parasites of the several strains isolated; 
however, one strain presented a rather obvious 
variation from the normal morphology of P. vivax . 
The youngest trophozoites seen resembled very 
closely those of P. falciparum: the rings "were 
delicate and sometimes had two chromatin masses, 
multiple infection of red cells was common, and 
applique forms were seen. It was not until the 
development of ameboid forms and other mor- 
phological characteristics of P. viva%j some hours 
later, that the parasites could be identified defi- 
nitely. 

RESULTS OF ATTEMPTS TO INFECT 
A. QUADRIMACULATUS 

In table 2 are shown the results of salivary 
&laud dissections of mosquitoes fed on patients 
with Pacific vivax malaria, and other pertinent 
data. With regard to gametocytes, the values 
shown are for mature parasites as judged by 
morphology. Exflagellation studies were carried 
out at the time each lot of mosquitoes was fed, 
but the phenomenon was not demonstrated in a 
single instance tabulated. The number of male 
and female cells in every instance was approxi- 
mately equal or slightty in favor of female ga- 
metocytes. If it is assumed that a l eve ^ ^ 50 
gametocytes per c.mm. is necessary to infect 
mosquitoes, it would appear that in every in- 
stance save one (P-26) gametocytemia fa\ored 
mosquito infection. 


While mosquito dissections were begun on the 
17th day of the incubation period, they were not 
completed on this day. Often it v/as physically 
impossible to dissect all mosquitoes on this day; 
also the first mosquito dissections (strains P-1, 2 
and 3) were negative, suggesting the possibility 
of a longer extrinsic incubation period than 17 
days. Consequently, dissections were performed 
17 to 39 days after mosquito lots were fed. This 
accounts for the discrepancy between the number 
of mosquitoes dissected and the number recorded 
as surviving 17 days (table 2). The difference 

TABLE 2 


Results of Salivary Gland Dissections of A. quadrimacu- 
laius Applied to Patients unlit Induced vivax 
Infections , Pacific and McCoy Straijis 


STRAIN 

NUM- 

BER 

GAMETOCVTES/ 

am. j 

NUMBER 

MOS- 

QUITOES 

SPORO- 

ZOITES 

INFEC- 

TION 

| LOTS 
j TED 

Mean 

Range 

T? 

U 

Survived 
17 Days 


- 

RATE 
PER . 

cxtfr 

P-1 

12 

1,072 

281 

2,463 

554 

385 

0 

290 

0.0 

P-2 

1 

1,316 


34 

15 

0 

13 

0.0 

P-3 

2 

1,679 

1,664- 

1,695 

101 

38 

0 

34 

0.0 

P-4 

2 

1,200 

672- 

1,728 

100 

61 

, 12 

7 

1 63.1 

P-5 

4 

999 

344- 

1,747 

218 

129 

12 

25 

32.4 

P-6 

3 

817 

21- 

1,436 

136 

1 17 

: 11 

i 

40 

21.5 

McCoy 

7 

699 

91- 

1,710 

423 

316 

33 

150 

18.0 

i 


represents the number which died and which were 
autolyzed too badly for dissection. 

No gland infections were demonstrated for 
strains P-1, P-2 and P-3. On the other hand, 
at least one mosquito in every lot of strains P-4, 
P-5 and P-6 was found to be positive for sporo- 
zoites. The infection rate of the latter lots, as a 
group, was 32.7 per cent as compared with a rate 
of 37.9 per cent for McCoy lots with gland-pos- 
itive mosquitoes. However, the infection rate 
for all McCoy lots, that is including lots in which 
no gland-positive mosquitoes were found, was 
18.0 per cent. 

Data bearing on the quality of the gland in- 
fections are showm in tabic 3. From them it 
may be noted that less than a third (28.9 
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per cent) of the Pacific infections were heavy 
(+ + + and + + + +)• Of the McCoy lots, 
slightly more than half (51 per cent) developed 
heavy gland infections. In this connection, it is 
interesting to note that the McCoy gamctocyte 
values were the lowest recorded. This may in- 
dicate that the Pacific strains studied are less 
infectious to A. quadrimaculatns than McCoy 
vivax. 

TABLE 3 


Quality of Salivary Gland Infections of all Mosquitoes 
Recorded as Positive in Table 2 



LOT 

CAMFTO- 

NUMBER INFECTED MOSQUTTOES* 

STRAIN 

NUM- 

CYTKS/ 







BF.R 

CMM. 

+ 

++ 


4-4-4-4* 

Total 

P-4 

47 

672 

2 

0 

0 

0 

2 


50 

1,728 

2 

5 

0 

3 

10 


2 


4 

5 

0 

3 

12 

P-5 

37 

1,053 

0 

i 

0 

0 

1 


38 

344 

1 

0 

1 

0 

2 


39 

853 

2 

1 

1 

1 

5 


40 

1,747 

0 

0 

0 

4 

4 


4 


3 

2 

2 

5 

12 

P-6 

42 

994 

1 

0 

0 

0 

1 


44 

1,439 

9 

0 

0 

0 

9 


49 

21 

1 

0 

0 

0 

1 


3 


11 

0 

0 

0 

11 

McCoy 

43 

100 

1 

2 

0 

0 

3 


48 

337 

6 

0 

0 

1 

7 

i 

51 1 

91 1 

2 

2 1 

1 

6 

11 


52 

311 

1 

2 : 

1 

8 

12 


4 


10; 

6 

2 1 

15 

33 

l 


*+ = Very few sporozoites. 

+ + = Light infection. 

+ 4 — h = Moderately heavy infection. 

H — I — | — H = Very heavy infection. 

Following sporozoite tramsmission of the Pacific 
strains, studies on the extrinsic incubation periods 
of P-5 and P-6 were made. It was found that 
the minimum incubation period is apparently 
14 days, the same as for McCoy vivax under con- 
ditions of our laboratory. 

Also, an' attempt was made to determine the 
infectiousness of these patients to A, quadrwia- 
culatus in relation to the development of the 


infection. Lots of 15 mosquitoes were applied 
to the patients with P-5 and P-6 infections, and 
to two patients with McCoy infections, appli- 
cations being made daily from the time parasites 
appeared in the thin film regardless of the par- 
asite count. As noted in table 4, the patient 
with P-4 malaria required treatment before clinical 
symptoms developed. 

Table 5 records the results of dissections of these 
mosquitoes. It will be noted that it was possible 
to infect mosquitoes with P-5 (lot 53-E) even 
when gametocytcs could not be demonstrated in 
blood films and that very low gamctocyte values 
served to infect mosquitoes fed on patients with 
P-6 and McCoy infections. However, one of the 

TABLE 4 


Sporozoite Transmission of Pacific vivax Malaria 


STRAIN 

PA- 

TIENT, 

NUM- 

BER 

NUMBER NUMBER 
MOSQUITOES APPLIED 
BY QUALITY OP 

gland infection 

LENGTH IN 
DAYS 

NOTE 

+ 

4- 

+ 

4- 

4- i 
4* 

4* 

4* 

4- 

4- 

Pre- 

patent 

Period 

Incuba- 

tion 

Fcriod 

P-4 

193 

0 

2 

0 

1 

10 


(l) 

P-5 

186 

0 

0 

0 

4 

12 

13 

( 2 ) 

P-6 

168 

4 

0 

0 

0 

16 

17 


McCoy 

180 

1 

1 

0 

2 

12 

12 



(1) This patient had a cerebral accident on the 7th 
day of the prepatent period, and quinine was exhibited 
when parasites appeared. 

(2) Spontaneous remission after 4 paroxysms. 

patients with McCoy vivax failed to produce any 
mosquito infections although on one day (lot 
57-F) the gamctocytemia appeared particularly 
to favor mosquito infection. This difference in 
the relative infectiousness of patients coincides 
with the experience of Boyd (1942) with the 
McCoy strain. 

DISCUSSION 

In this study it has been assumed that the 
vivax strains isolated are indigenous to situations 
where infection with them was acquired. This 
may be a false assumption. The writer knows 
of at least two instances of soldiers who acquired 
malaria infections during maneuvers in Louisiana 
and apparently suffered clinical relapses of these 
infections after reaching a combat area where 
malaria was hyperendemic. In both instances 
the time element ruled out infection in the combat 
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TABLE; 5 


Records of Dissection of Mosquitoes Applied on Consecutive Days Throughout Period of Parasitological Activity 

Minimum Incubation Period 15 Days 
Each Lot Originally Contained 15 Mosquitoes 


STRAIN 

LOT 

rARASirnuiA/aoi. 

RESULTS OF SALIVARY GLAND DISSECTIONS 

TOTAL 

Tropho- 

roites 

Gnmeto 

cytes 

+ 

++ 

+++ 

++++ 

B 

+ 

Per cent 
positive 

P-5 

53-A 

100- 

0 

0 

0 

0 

0 

B 


Bj 


53 -B 

2SS 

0 

0 

0 

0 

0 

■9 




53-C 

2,203 

45 

1 

0 

1 

0 

11 




53 -D 

1,200 

0 

1 

0 

0 

1 

8 




53-E 

5,760 

0 1 

6 

3 

2 

0 

4 

11 



53-F 

2,726 

114 

0 

0 

0 

0 

10 

0 



53-G 

4S0 

0 

3 

3 

3 

2 

3 

11 



T | 



n 

6 

6 

1 3 

54 

26 

1 32.5 

P-6 

ESI 

1,594 

102 

0 

0 

0 

0 

8 

0 



mSm 

1,340 

116 

1 

' 1 

0 

> 0 

5 * 

2 



Warn 

7,728 

672 

4 

0 

0 | 

0 

11 

4 



56-D ! 

8,026 

334 

2 

1 

0 

1 

11 

4 



56-E ! 

1,591 

0 

0 

0 

0 

0 

13 

0 



56-F 

2,652 

0 

1 

0 

0 

0 

14 

1 



56-G 

1,326 

0 

0 

0 

0 

0 

15 

0 



56-H 

1,856 

0 

0 

0 

0 

0 ! 

15 

0 



56-1 

16,072 

328 

0 

0 

0 

, 0 . 

15 

0 



56-J 

3,762 

38 

0 

0 

0 

0 

14 

0 



56-K. 

2,200 

0 

0 

0 . 

0 

0 

10 

0 

v 


56-L 

100 

0 

0 

0 

0 

0 

10 

0 



12 



8 

2 

0 

1 

141 

11 

7.8 

McCoy 

55-A 

2,400 

100 

2 

1 

i 3 

2 

3 

11 



55-B 

5,988 

382 

4 

1 

2 ‘ 

0 

7 

7 



55-C 

10,303 

1,019 

2 

2 

2 

3 

5 

9 



55-D 

20,070 

410 

0 

2 

3 

4 

6 

9 



55-E 

4,250 

370 

0 


0 

0 

15 

0 



5 



8 

6 

'l0 

9 

36 

36 

50.0 


m 

100 

9 

0 

0 

0 

0 

5 

0 



mSm 

2,673 

111 

0 

0 

0 

0 

10 

0 



57-C 

4,600 

0 

0 

0 

0 

0 

8 

0 



57-D 

3,514 

146 

1 0 

0 

0 

0 

13 

0 



57-E 

2,226 

142 

0 

0 

0 

0 

17 

0 



57 -F 

5,266 

718 

0 

0 

0 

0 

10 

0 



57-G 

450 

0 

0 

0 

0 

0 

12 

0 

' 


7 



0 

0 

0 

0 

75 

0 

0.0 


12 



8 

6 

10 

9 

111 

36 

32.4 
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area. Consequently, it is not impossible that our 
troops carried vivax strains (perhaps McCoy 
among others) to Pacific war areas; that these 
strains were transmitted to noninfected individuals 
by indigenous anophclines; and that these sec- 
ondary infections represent a portion of the 
infections in returning troops. However, the 
frequency of such infections, if they occur at all, 
must be relatively low. 

That four of nine patients with histories of 
previous malaria infections, two of which are 
known to have been with vivax , failed to develop 
clinical infections after inoculation with Pacific 
vivax strains is surprising. This finding appar- 
ently indicates that a high degree of tolerance to 
infection with Pacific P> vivax strains is conferred 
by infections with vivax strains indigenous to 
this country. This is contrary to the general 
belief that tolerance conferred by a vivax infection 
is largely homologous. One is tempted to use the 
speculative epidemiological circumstance men- 
tioned above as a possible explanation; but it is 
almost inconceivable that the four patients who 
did not develop clinical infections were all inoc- 
ulated with vivax strains which originated in 
this country. There has been no opportunity to 
study this problem intensively. In this regard, 
it is hoped that data which are being accumulated 
by the armed forces will be analyzed with respect 
to the relative prevalence and subsequent course of 
malaria infections which occur among personnel 
originally from malarious areas of the United States 
for comparison with similar data for personnel 
from nonmalarious localities. 

After the uniformly negative results of attempts 
to infect mosquitoes with strains P-1, P-2 and P-3, 
it was supposed that the mosquitoes were re- 
fractory to infection and the success of the ex- 
periments with the other three strains was not 
expected. In view of tins later success, it seems 
necessary to take into consideration any factor 
which may have contributed to the failure to 
infect mosquitoes with strains P-1, 2 and 3. In 
this connection, it should be mentioned that the 
feeding of mosquito lots on patients with these 
strains were undertaken from July 2 to August 26; 
whereas the feeding of mosquitoes on patients 
with P-4, 5 and 6 infections began on August 27 
and continued through October. The first lot of 
mosquitoes fed on a McCoy vivax patient was on 
September 1. 

The summer of 1943 in Memphis was one of the 


hottest and driest on record, with mean daily tem- 
perature and humidity as follows: 

July August September 

Temperature 83.7 84.0 70.4 

Humidity, 12:30 p.m 56 53 56 

Most mosquito lots were fed between 10:00 a.m. 
and 2:00 p.m., and mosquitoes were exposed to 
atmospheric temperature for a period of about 
30 minutes after taking an infected blood meal. 
It is conceivable, on the basis of the work of Strat- 
man-Thomas (1941), that the high atmospheric 
temperatures and low relative humidities to which 
lots of mosquitoes were exposed during July and 
August may have interfered with the development 
of the extrinsic cycle. It is unfortunate that 
comparative studies with McCoy vivax were not 
possible at the time the first three strains were 
being studied. 

From both a qualitative and a quantitative 
standpoint, the salivary gland infections with 
Pacific strains 4, 5 and 6 do not compare un- 
favorably with McCoy strain infections on the 
basis of the observations reported here. More- 
over, it would appear that very low densities of 
gametocytes may serve to infect mosquitoes. 
With tins in mind, particular attention is drawn to 
the circumstances mentioned with reference to 
the origin of strain P-2. The soldier from which 
the isolation was made had an asymptomatic 
parasitemia of high grade and 16 per cent of the 
parasites were gametocytes. Other factors being 
favorable, such an individual could serve as an 
excellent infector of mosquitoes. There must be 
very many similar cases now, and the number will 
probably increase in time. 

The findings reported would seem to indicate 
the advisability of feeding mosquitoes on soldiers 
with parasitemia in an effort to appraise more 
directly the probability of the influence of ga- 
metocyte carriers on the epidemio!og> r of malaria 
in this country. 

SUMMARY 

From soldiers who had presumably acquired 
their infections in Pacific war areas, six strains of 
P. vivax were isolated by transfer of blood to 
patients who were candidates for malaria therapy. 
The clinical and parasitological characteristics of 
the induced infections were not unlike those of 
infections with McCoy strain of P. vivax , the 
strain of reference used throughout the study. 
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Some of .the patients with known or probable 
histories of former wax infections demonstrated 
considerable immunity to the Pacific strain in- 
fections, four patients being refractory. 

When gametocytemia of these induced infections 
seemed to favor mosquito infection, A* quadri- 
maculatus mosquitoes were fed. Subsequent to a 
minimum incubation period of 17 days, these 
mosquitoes were examined for sporozoites. Sal- 
ivary gland infections were demonstrated in 
mosquitoes fed on patients with infections with 
three of the six strains. Sporozoite transmission 
of these three strains was accomplished. Sub- 
sequently the infectiousness to A . qaadrimaculatus 
of patients with two of these strains was studied. 
It was found that salivary gland infections some- 
times developed following the feeding of mosqui- 
toes on patients with submicroscopic gameto- 
cytemia. 

It is concluded that at least some of the vivax 
strains from the Pacific war area are capable of 


being transmitted by A . qmdrimaculatus . It 
is believed that this mosquito is a somewhat less 
efficient vector for these strains than for McCoy 
vivax, 
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Malaria is generally suspected of being the 
principal retarding factor in the economic de- 
velopment of the Amazon Basin. Although the 
incapacitating effect of epidemic and endemic 
malaria is evident in many localities throughout 
the valley, the actual prevalence of the disease has 
not been known. One of the first activities of 
the Serviqo Especial de Saude Pnblica under the 
Joint auspices of the Institute of Inter-American 
Affairs and the Brazilian Government was the 
estimation of the incidence of malaria in the 
principal centers of population as determined by 
examination of blood samples. 

THE AMAZON VALLEY 

Size, The Brazilian portion of the Amazon 
Valley extends over the northern half of Brazil 
including about 3,800,000 square kilometers. 
The Valley is a shallow elliptical basin the outer 
Brazilian boundaries of which are latitude 5° 
north and 17° south, and longitudes 47° and 74° 
west. The Amazon-Solim5es River, including 
its tributaries the Rios Negro, Madeira, Tapajoz, 
and Xingh, and the adjoining Para-Tocantins 
system, regularly overflow during the rainy season 
inundating vast territories. Even in the dry 
season in the State of Para much of the inhabited 
land along the rivers is periodically flooded at high 
tide. The entire valley is remarkably flat as 
shown by the fact that Belem near the coast is 
about 14 meters above sea level, while Iquitos, 
Peru, 3200 kilometers up the valley is at an ele- 
vation of only 100 meters. 

Terrain . The terrain of the valley is usually 
described under two categories, the varzca or 
flood land, and the terra firme. The flood land 
is in a constant state of formation and evolution 
with each stage showing a characteristic flora. 
At the water's edge there are the succulent grasses 
commonly called canaranas , and the ccrainas 

The studies herewith reported were part of the 
program of the ScrviCO Especial dc Saude Pttbliea 
maintained jointly by the Ministry of Education and 
Health of Brazil and the Institute of Inter-American 
Affairs. 


(Salix martiana and Alckornea casianeifala). 
Immediately inland are the big leaved imbaubas 
(Cccropia paraensis). Beyond these are the 
numerous varieties of palms. The terra finne 
includes the campos or prairie lands, and the 
forested plateaus and hills. 

Seasons. Generally speaking there is a wet and 
a dry season throughout the whole area. Even 
in the driest months there is some rain, however, 
and the months with little rainfall are fewer than 
is the case in most tropical countries. The months 
with the lowest rainfall in Manaus are July, 
August and September, with an average of 54 mm., 
while in Belem October and November are the 
driest months with an average of 87 mm. The 
greatest rainfall in Manaus occurs from December 
through April averaging 253 mm. monthly, and 
in Belem from January through May averaging 
377 mm., (Brasil, 1942). The average yearly 
rainfall for Manaus over a period of 24 years was 
1995 mm. with rain recorded on an average of 
167 days per year. In Belem during a period of 
12 years the average yearly rainfall was 2805 mm. 
with an average of 250 rainy days per year. 

Temperature . The temperature range is small. 
In Manaus the absolute maximum during a period 
of 24 years was 37.8°C. in October, and the ab- 
solute minimum of 17.6°C. occurred in July. In 
Belem the absolute maximum during 12 years' 
observations was 35.1 in August, while the ab- 
solute minimum of 18.5 was recorded in July. 
The average daily temperature ranged between 
25,7 and 27.6°C, in Manaus, and between 24.9° 
and 26.2°C. in Belem. 

Population . The latest census taken in 1940 
records a population in the Amazon Valley of 
about 1,500,000 persons, most of whom live near 
the navigable rivers. The number of uncivilized 
Indians that inhabit the hinterland is not known. 

MALARIA STUDIES 

The studies on malaria reported in this paper 
were made principally in the towns situated on the 
waterways of the valley and in the farming country 
between Belem and Braganga. The inhabitants 
along the river live in huts built on stilts above 
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the mud and water, or in small villages on the 
high knolls surrounded with water, or in towns 
built on the upland plateaus. 

In very few places do the people attempt to 
grow their own food, consequently there is usually 
a food shortage which in conjunction with the 
heavy intestinal parasite infestation causes severe 
malnutrition throughout the valley. These con- 
ditions are important factors in lowering the 
resistance of the inhabitants not only to malaria 
but to other diseases as well. 

Technique . A study of the rainfall curve for 
Belem indicated that the highest malaria rate 
would probably occur in May or June and the 
lowest in December. Based on this assumption 
parasite surveys were undertaken in December 
1942 and in June 1943. Thick blood films were 
taken from a predetermined sample of the pop- 
ulation in towns of the valley which are ac- 
cessible by air, boat or train transportation. A 
sample of about 6 per cent was taken in Belem, 
about 20 per cent from the small towns with more 
than 1000 inhabitants, and 30 per cent or more 
from the towns with less than 1000 inhabitants. 
In a few instances the official census was lower 
than the actual number of persons examined 
because of the temporary influx of persons from 
surrounding regions. The blood films were 
shipped to Belem where they were stained by 
Giemsa according to the method of Freitas (1942) 
and examined 10 minutes per slide. Even if 
malaria parasites were found during the first few 
minutes of examination, the search was continued 
throughout the entire ten minutes to detect the 
possible presence of other species of plasmodia. 

Results. Belem, situated on the Par£. River, 
with a population of 177,100 is the largest city in 
the valley. In the December survey a sample of 
9831 persons was examined about one third of 
whom were males. This sex ratio resulted 
from the method of survey which was a house 
to house canvas along selected streets during 
the usual daylight working hours when em- 
ployed males were absent. In the age group 
under one year very few examinations were made 
because of the reluctance of mothers to allow the 
infants to be bled. The children 1 to 9 years of 
age and the group 10 to 19 years of age each con- 
stituted about one quarter of the total exami- 
nations while the remaining one half included the 
adult group 20 years old and above. The par- 
asite infection rates correspond to the expected 


trend in showing somewhat higher rates in children 
and progressively lower rates as age advances. 
There was also a slight difference in rates when 
analyzed by sex. Of the total persons examined 
363 or 3.7 per cent showed malarial parasites, the 
rate for males being 4.7 and for females 3.2 per 
cent. Among the infants 6.6 per cent were 
positive. The children one to nine years of age 
showed a rate of 4.7 per cent; the young people 
aged 10 to 19 ) r ears showed a rate of 3.8 and the 
adults over 20 years of age a rate of 2.9 per cent. 
Of the total 363 infected individuals 66.4 per cent 
harbored Plasmodium vivax and 33.9 per cent 
harbored Plasmodium falciparum . The vivax 
cases showed a higher rate of gametocyte carriers 
than the falciparum cases, the rates being re- 
spectively 43.2 and 26.0 per cent. ' 

Five towns in the agricultural district along the 
railroad between Belem and Bragan^a were 
sampled. The populations ranged from 1900 to 
5700. The infection rates were uniformly low 
with very little variation in either the sex or age 
groups with the notable exception of the 44 in- 
fants under one year all of whom were negative 
for malaria. The parasite rates by towns were 
as follows: Joao Coelho 2.2; Castanhal 1.5; 
Igarape-Assu 0.5; Capanema 4,2; Bragan^a 1.5. 

The towns studied on the Para River showed 
for the most part higher rates, especially among 
the males. The parasite rates were as follows: 
Vigia near the sea, 5.7; Abaetctuba near the 
mouth of the Tocantins 2.8 and Curralinho in 
the straits between the Amazon and the Para, 
8.9. These villages are alike in being situated 
near areas subject to daily tidal inundations and 
where monthly maximum tides create numerous 
breeding places for Anophelines. 

On the Tocantins river four towns were selected 
for study, and the following rates were observed: 
Cameta 6.3; Baiao, 7.3; Alcobaga, 11.0 and 
Marabd 11.1. 

The four towns surveyed on the Amazon proper 
showed a greater diversity in infection rates. 
Gurup& with an average rate of 16.1 per cent was 
one of the three most malarious places surveyed in 
the valley at this time. The town of Monte 
Alegre on the river showed a rate of 5.7 while the 
neighbouring inland village of Mulata was ex- 
periencing a malaria epidemic with a rate of 72.9 
per cent among the persons examined. Itacoa- 
tiara and Manaus were inadequately sampled 
but the few slides taken showed rates of 2.2 and 
12.3 per cent respectively. 
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On the Madeira River, Porto Velho showed a 
malaria infection rate of 5.7 per cent On the 
Purus River, Labrea showed a rate of 7.0 per cent, 
while B6ca do Acre and Rio Branco on the River 
Acre showed the low rates of 1.4 and 0.8 per cent. 

The only town surveyed on the Rio Branco was 
B6a Vista which showed a rate of 16.4 per cent, 
A summary of these results on 19,629 persons 
from all 23 towns and villages is given in table 1, 
showing infection rates by sex, age groups and 


At the mouth of the Para river Curuga on the 
mainland and Soure on the Island of Marajo 
showed parasite rates of 0.3 and 0.7 per cent 
respectively. Vigia showed a rate of 7,2 per cent, 
Moju was experiencing an epidemic with 41.7 
per cent, Abaetetuba showed 0.2 per cent, Sal- 
vaterra 2.2 and Curraiinho 2.9 per cent. Breves 
also experienced an epidemic during June showing 
a rate of 22.0 per cent. On the Tocantins, Ca- 
metfi, Baiao, Alcobaga and Maraha showed rates 


TABLE 1 


Malaria Survey in the Amazon Valley at End of Dry Season by Age Groups, Sex and Species of Parasites, 

in December 1942 


AGE 

GPOT7FS 

NBS. EXAMUfED ! 

KBS. POSITIVES 

SPECIES 

GAMETOCYTES 

Male 

Female ! 

Total 

Male I 

Female 

Total ! 

c* 

/o. 

positive 

Falci- 

parum 

Vivax 

Falci- 

parum 

Vivax 


84 

82 | 

166 

1 

4 

5 

9 

5.4 

2 

7 

0 

5 

1-9 

2632 

250S 

5140 

204 

162* 

366 

7.1 

136 

230 

51 

130 

10-19 

2000 

3333 

5333 

129 

128 

257 

4.8 

110 

146 

44 

79 

20+ 

250S 

6482 

8990 

134 

213* 

347 

3.9 

| 159 

190 

! 55 

i 

75 

Totals: 

t 

7224 

12,405 

19,629 

471 

508 * 

979 

5.0 

407 

l • ■ - 

| 573 

150 

! 289 


* One case of P. malariae included. 


TABLE 2 


Malaria Survey in the Amazon Valley at End of Wet Season by Age Groups , Sex and Species of Parasites in June 1943 


ACE 

gkocps 

NBR. EXAiOKED j 

NBE. POSITIVES 

SPECIES 

! 

gametocytes 

Male 

Female 

Total 

Male 

! 

i 

Female 

Total 

%. 

positive 

Falci- 
parum ! 

Vivax 

Falci- 

parum 

Vivax 


71 

77 

148 

1 

3 

4 

2.7 

! i 

3 

0 

3 

1-9 

3672 

3635 

7307 

159 

149 

308 

4.2 

147 

163 

73 

102 

10-19 

3000 

4545 

7534 

115 

142 

257 : 

3.4 

113 

145 

60 

75 

20+ 

2207 

7283 

9490 

101 

186 

287 

j 3.0 

132 

155 

; 55 

67 

Unknown 

1053 

1560 

2613 

15 

1 

19 

34 

1.3 

19 

15 

I 10 

8 

Totals 




391 j 

499 

890 

| 3.3 

: 412 

481 

198 

255 


species of parasites. A total of 979 positive 
smears or an infection rate of 5 per cent was found. 

A second survey was undertaken in June 1943 
at the end of the wet season. Most of the towns 
investigated in 1942 were reexamined and several 
other towns were surveyed for the first time. In t 
Belem 10,558 blood samples were examined of 
which 361 or 3.4 per cent were positive for malaria 
parasites. 

All towns investigated on the Braganga railroad 
showed low rates as follows: Joao Coelho 1,5; 
Castanhal 0, Igarape-Assu 0.4, Capanema 0.6 and 
Braganga 0.3 per cent. 


of 2.0, 1.5, 1.9 and 4.3 per cent respectively, while 
Mocajuba with only 75 persons examined had a 
rate of 10.7 per cent. 

On the Amazon proper five towns were examined 
with rates as follows: Gurupa 0.5, Santarem 0.8, 
Parintins 2.9, Itacoatiara 1.7 and Manaus 3.2 
per cent. Maues on the River Maues gave a rate 
of 1.3 per cent. On the River Solimoes, Fonte 
B6a showed 0, Tefe 1.3, and- Tabatinga 0 per 
cent. 

On the River Madeira, Humaita and Porto 
Velho showed blood parasite rates of 2.3 per cent. 
The four towns examined on the Purus River and 
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upper tributaries showed parasite rates as follows: 890 positive smears represent an infection rate of 
Labrca 9.2, Boca do Acre 0.5, Sena Madureira 0.6, 3.3 per cent. The localities studied in both sur- 
Brasilea 3.7 and Rio Branco 1.4 per cent. Sao vcys are shown on Map I, 



MAP I 
Amazon Valley 

Distribution of Towns surveyed for Malaria incidence in December 1942 and June 1943 
Towns Towns 


1. Belem 

2. Curuca 

3. Soure 

4. Vigia 

5. Moju 

6. Abaetetuba 

7. Sal va terra 

8. Joao Coelho 

9. Castanhal 

10. Ig. Assu 

11. Capanema 

12. Braganca 

13. Cameta 

14. Baiao 

15. Alcobaca 

16. Maraba 

17. Mocajuba 
IS. Curm Jinho 

19. Breves 

20. Gurupa 


21. Mulata 

22. Monte Alegre 

23. Santarem 

24. Parintins 

25. Maues 

26. Itacoatiara 

27. Manicore 

28. Humaita 

29. Porto Velho 

30. Manaus 

31. Labrea 

32. Boca do Acre 

33. Sena Madureira 

34. Rio Branco 

35. Brasilea 

36. Tefe 

37. Fonte Boa 

38. Tabatingn 

39. Sao Gabriel 

40. B. V. Rio Branco 


Gabriel on the Rio Negro and B6a Vista on the 
Rio Branco showed rates of 4.0 and 9,1 per cent 
respectively. 

These results on 27,103 persons from 37 towns 
are tabulated in table 2 showing infection rates 
by sex, age groups and species of parasites. The 


A study of the records of Santa Casa de Mi - j 
sericordia do Para, shows that the supposition that 
the lowest malaria rate would occur in December 
and the highest rate in May or June was well 
founded. Graph I shows average monthly cases 
of malaria diagnosed in the Santa Casa laboratory 
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Grahi I 

Malaria in Bnixw. Positive Cases Diagnosed in 
Sta. Casa 

by positive smears during the period 1936 to 1942, 
and eases by months for the years 1942 and 1943. 
The greatest number of cases occurred in May 
and the lowest in December. The December 
survey in Belem should therefore show the in- 
cidence of malaria when the fewest cases are 
present. The June survey should normally show 
a higher rate. It can be seen from Tables I and II 
that instead of an increase in malaria in June 
above the December incidence of 5.0 per cent 
there was an actual decrease to 3.3 per cent. It 
should be pointed out, however, that the first 
survey was made before any appreciable malaria 
or mosquito control was undertaken. The survey 
in June on the other hand was made after large 
quantities of atebrinehad been distributed through- 
out the valley and anti-mosquito work commenced 
in many of the localities. There is also the 
possibility that the reduction in incidence was due 
in part to a malaria cycle of several years duration 
similar to that which occurs in the southern 
United States. There is some indication that such 
a cycle exists in the Amazon Valley and that it is 
operating in many of the areas where A. darlingi 
is always present. In the extensive regions where 
A . darlingi is transitory this cycle cannot exist, 
as it can^ function only when the mosquito factor 
is constant, leaving the immunity factor in the 
human population as the only variable, 

Aiwphclcs darlingi is the principal malaria vector 
in the Amazon Valley and the only Anopheline, 
with the exception of the coastal species Anopheles 
aquasalis , capable of producing epidemic malaria 
in the region (Deane, Causey and Deane in press). 
Aiwphcles darlingi breeds most prolifically during, 
and immediate]}’ following the rainy season, and 


succeeds in passing the dry season only in those 
areas where there arc permanent lakes or ponds 
from \v hich it again disperses to the surrounding 
country with the beginning of the rains. 

# localities where the resistant fori of A. dar- 
lingi occasionally dry up due to a particularly 
long dry season, the entire darlingi population 
may die out. The duration of this malaria 
vector’s absence then depends upon the proximity 
of other resistant foci, or the chances of reintro- 
duction b}’ transportation. Some areas have 
been free of darlingi for several years as shown by 
the lack of endemic malaria in the population. 
When such areas become reinfested with darlingi 
the relatively non-immunc population suffers from 
severe epidemic malaria, 

The fact that A. darlingi is limited in its dis- 
tribution during the dry season to large bodies 
of water or swampy regions many of which can be 
drained or effectively treated with Paris green or 
oil, makes this mosquito highly vulnerable to 
eradication. The most economical method of 
combating malaria in many regions of the Amazon 
Valley is therefore by the eradication of the vector 
from the dry season breeding areas in the proximity 
of the towns and villages that are to be protected. 

SUMMARY 

This is a report of two malaria parasite surveys 
made in the Amazon Valley during 1942 and 1943. 
The survey in December 1942 on 19,629 persons 
was made at the end of the dry season when the 
prevalence of malaria was expected to be lowest, 
and before control or prophylactic measures were 
undertaken. The survey in June 1943 on 27,103 
persons from 37 localities was made at the end of 
the wet season when malaria incidence might be 
expected to be greatest. A study of hospital 
records on malaria cases in Belem before 1942 
supported this assumption as to seasonal prev- 
alence. The incidence of 3.3 per cent in June 
after control measures were instigated was shown 
to be lower than the incidence of 5.0 per cent at 
the expected low season in December. 
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The isolation of virus from captured wild mos- 
quitoes constitutes an important phase in the epi- 
demiological investigation of jungle yellow fever. 
In tliis connection 2 points were presented for 
laboratory investigation: (1) whether mosquitoes 
which had died in transit to the laboratory could 
be used for the isolation of virus, and (2) whether 
the methods used to kill mosquitoes which were 
received alive at the laboratory had any deleterious 
action on yellow fever virus. 

MATERIAL AND METHODS 

The mosquitoes used were of the species Acdcs 
(Stcgomyia) aegypti (Linnaeus), Hacmagogus cqui- 
vus (Theobald), and Hacmagogus spegazzinii 
(Brcthes). The first 2 species were maintained in 
colonies. The Acdcs aegypli stemmed from larvae 
captured in Nova Iguassu, Rio de Janeiro. The 
Hacmagogus cquinus were offspring of the colony 
established by Dr. Ernest Osomo — Mesa at Bo- 
gota, Colombia. The Hacmagogus spegazzinii 
were always first generation descendants of wild 
mosquitoes captured in the States of Bahia or 
Mato Grosso. The insects, chosen at random 
were infected through feeding on marmosets or 
Ccbus monkeys at a time when virus was circulating 
in the blood. At the conclusion of each feeding 
period, either a sample lot of 5 engorged mosquitoes 
was emulsified and inoculated into mice in order to 
check the presence of virus, or the animal was bled 
and the actual amount of virus in the blood was 
determined by titration, using serial tenfold dilu- 
tions of serum, injected intracerebrally into Swiss 
mice. One group of 6 mice was used for each dilu- 
tion. The technique used for breeding, storing 
and infecting the mosquitoes was essentially that 
described by Stokes, Bauer, and Hudson (1). 

1 The work on which these observations are based 
was carried out under the auspices of the Servico de Es- 
tudos e Pesquisas $6bre a Febre Amarela (Yellow Fever 
Research Service), which is maintained jointly by the 
Ministry of Education and Health of Brazil and the 
International Health Division of The Rockefeller 
Foundation, 


Two jungle strains of yellow fever virus were 
employed, the Olympio Christo (O.C.) and the 
Joao Zanabrea (J.Z.). The pathogenicity of these 
2 strains has been studied by Laemmert (2). 

After death the insects were kept at a tempera- 
ture of 26 to 30.5°C. Determinations of the virus 
content of the mosquito bodies were made at vari- 
ous time intervals. The mosquitoes were tritu- 
rated In a diluent consisting of 10 ml of a human 
serum, known to be free from yellow fever anti- 
bodies, in 90 ml. of 0.9 per cent NaCl solution. 
Unless otherwise stated a volume of 0.18 ml. was 
used for each insect. The emulsions were centri- 
fuged, and the supernatants were injected intra- 
cerebrally into Swiss mice 21 to 27 days of age. 
When tests for the presence of virus were to be 
made, 0.03 ml. of the undiluted supernatant was 
injected into each of 6 mice. When a quantitative 
estimation of the virus content was required, serial 
tenfold dilutions of the supernatant were injected. 
A group of 6 mice was used for each dilution. The 
inoculated mice were kept under observation for 
21 days. Those showing atypical or questionable 
signs of illness were sacrificed. Their brains were 
removed and used for subinoculation into groups of 
6 mice 21 to 27 days of age. At the end of the ob- 
servation period the surviving mice were tested for 
immunity by the intracerebral inoculation of a 
dilution of French neurotropic yellow fever virus 
containing about 500 LD^ for mice. The chal- 
lenge inoculum was always titrated intracerebrally 
in 21- to 27-day-old mice. 

Calculations of “50 per cent mortality end-point 
titers” were made by the method of Reed and 
Muench (3). 

EXPERIMENTAL 

Tests with chloroform 

Mosquitoes to be killed by chloroform were 
placed, in lots of 5, in capture tubes 12 cm. long 
and 3 cm. in diameter. A thin cotton plug was 
placed in the funnel-shaped orifice at the end of 
the tube, and chloroform was dropped onto this 
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plug. Mallinckrodt’s “technical” grade of chloro- 
form was used. 

Preliminary tests showed that 1 drop of chloro- 
form, the amount routinely used in this laboratory, 
produced immobilization for a period of about 2 
hours but did not kill the insects. Neither did it 
diminish, significantly, their virus content. If 
this amount was increased to 2 or 3 drops the mos- 
quitoes succumbed promptly, but the virus activity 
decreased very rapidly. Following this pre- 
liminary test a quantitative measurement of the 
rate of virus loss was made. 


Tests with potassium cyanide 
Experiment 2. The mosquitoes used in this 
test were infected at the same time and from 
the same marmoset as were those which were used 
in Experiment 1. The titrations were made 
simultaneously with those of the previous test. 
Groups of 5 mosquitoes were put into capture 
tubes, and the uncorked end of a potassium 
cyanide killing tube was placed in contact with 
the unplugged end of the capture tube until the 
insects were stunned. The cyanide tube was 
then introduced into the capture tube for a few 


TABLE 1 


Rate of virus loss in Aedes aegypti killed by potassium cyanide tobacco smoke, chloroform , and ether 



50 PER CENT MORTALITY END-EOINT TITERS AT INTERVALS AFTER DEATH OF MOSQUITO 

LETHAL AGENT 

HOURS 


Loti 


Lot 2 


Potassium cyanide 

Tobacco smoke 

Chloroform 

Ether 

0 

10 “ 4 ^ 

1Q-4.I5 

1Q~4.25 


\ 


— 

10-cos 

10-*'* 

X 

2 




10-1.&5 

10-4.W 

1 

10-1 JO 


0 

10-2.0° 

li 

— 

— 

0 

— 

2 

10 -i.cof 

10-i-M 

0 

10” 4 * 25 

4 

0 
u> 

M 

1 

o 

10 

. — 

— 

8 

icr 4 * 10 

1CT-4.20 

— 

— 

16 | 

io~ 5 ~° 

> ]0-3.80 

1 

j 

— 

20 ! 

10-2-iO 

0 


— 

24 


10-2.20 

— 

— 

28 

10 -5 - 50 or > 

0 

— 

— 

32 

0 

0 

_ 

— 

40 

J0-O.SO 

0 



— 

45* 

10-0.50 

0 

j — 

— 

48 

0 

0 


— 


* A control group of 5 mosquitoes killed by potassium cyanide gave lO"* 4 - 65 titer. 

f This original mosquito emulsion contained tS: Instead of 4 of a mosquito per 0.03 ml. of suspension. 
— indicates that no test was made, 

0 indicates that all mice survived the original inoculation but succumbed to a challenge inoculation. 


Experiment 1. Acdcs aegypti were allowed to 
feed on a marmoset infected with the Olmpio 
Christo strain of yellow fever virus. Inoculation 
of a suspension of freshly engorged insects showed 
that the virus content of the ingested blood was 
satisfactory. Thirty-six days later the mosquitoes 
were divided into groups of 5 and were killed with 
3 drops of chloroform. The virus content of the 
groups of 5 insects was determined at various 
time intervals after death. The results arc 
shown in table 1 . Mos t of the virus was destroyed 
within 30 minutes, and all infcctivity had been lost 
at the end of 1 hour. 


moments. The mosquitoes died quickly. Titra- 
tions of the virus content of the mosquito bodies, 
always in groups of 5, were made at various time 
intervals, as shown in table l. The titer was 
practically unchanged for 8 hours and was not 
significantly lowered until 20 hours had elapsed. 
Small quantities of virus were recovered up to 
45.5 hours after the death of the insect. 

Tests with tobacco smoke 

Experiment 3 . The mosquitoes used in this 
experiment were also infected at the same time, 
and from the same marmoset, as were those used 
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in Experiment 1. The titrations were carried out 
simultaneously with those of the previous tests* 
Mosquitoes, in groups of 5, were placed in capture 
tubes into which smoke from a local brand of 
cigarettes was blown, repeatedly, through a 
pipette. The virus content of the mosquito 
bodies was estimated as previously described. 
There was no significant fall in virus content for 8 
hours, and the titer was not significantly lower 
until 20 hours after death. No virus was demon- 
strable after 28 hours. The results are shown in 
table 1. 

Tests with ether 

Experiment 4 . The Aedes aegypii employed 
in this test had been infected 72 days previously by 
feeding on a marmoset infected with the Olympio 
Christo virus. The virus content of the serum 
was such that a dilution of 10“ 7 * 60 contained an 
infective dose for mice. The mosquitoes were 
placed in capture tubes, in groups of 5, and killed 
by the application of 20 drops of ether. Mallinc- 
krodt’s “U.S.P. DC’ grade of ether was used. At 
intervals thereafter sample lots of 5 mosquitoes 
were emulsified and inoculated into groups of mice. 
Virus in a quantity sufficient to kill or to immunize 
all of the 6 mice in each group was present up to 
4 hours. Sufficient was present to kill 1 of 6 mice 
at 8 and 28 hour intervals. No virus was re- 
covered at 16, 20, or 24 hours. 

Experiment 5. The Aedes aegypii used in this 
test had been infected 80 days prior to use, by 
feeding on a Cebus monkey infected with the Joao 
Zanabrea strain of virus. The titer of virus in the 
serum at the time of feeding was IQ- 5 ' 00 . The 
experiment was similar to Experiment 4, except 
that quantitative titrations of the virus content 
were made. The results are presented in table 1. 
Disregarding the anomalous result obtained with 
insects which had been dead for 1 hour, there 
seemed to be no significant loss in virus content up 
to the end of 2 hours. 

Tests with insects dying of starvation 

Experiment 6. The Aedes aegypii used in this 
experiment had fed on a Cebus monkey circulating 
the Joao Zanabrea strain of virus. The titer of 
virus in the serum was 10~ 7 * 20 . All food and water 
were removed from the mosquito cage 72 days after 
the infective meal. The insects were examined 
at hourly intervals during the day, and all of the 
dead or obviously weak individuals were removed. 
The weak mosquitoes were examined at frequent 
intervals, and the exact time of their death was 


noted. For the portion of the remainder which 
died during working hours, the time of death is 
known within 1 hour. Mosquitoes dying over- 
night were grouped, and the time of their deaths 
is known only within a 16-hour range. The quan- 
tity of diluent used was 0.35 ml. for 1 mosquito, 
0.18 ml. for each mosquito in lots of from 2 to 5, 
and a fixed volume of 0.9 ml. for lots of 5 to 10 
insects. 

Virus in a quantity sufficient to kill or to 
immunize all of the 6 mice was recovered repeatedly 
from mosquitoes dead for 1, 2, 4, 5, and 6.5 hours. 
It was also recovered in a quantity sufficient to 
kill 3 mice of a group of 6 inoculated with an 
emulsion made from 1 mosquito which had been 
dead for 17.5 hours. One mouse of a group 
inoculated with an emulsion of 8 mosquitoes which 
had been dead for a period between 25 and 41 
hours also succumbed* 

Tests with insects dying of “natural causes” 

Experiment 7. To test the practical application 
of the results obtained in Experiment 6 the follow- 
ing test was made. Mosquitoes of the species 
Eacmagogus equinus and Eacmagogus spegazzinit, 
which had ingested traces or larger amounts of 
either of the virus strains, and which died, spon- 
taneously, during the course of transmission 
experiments, were emplo} r ed in these tests. A 
search for dead mosquitoes was made only at 
intervals of 1 to 3 days. Therefore, the exact 
time of death of the insects is unknown. The 
majority of tests were made with suspensions con- 
taining 1 mosquito only. The remainder of the 
emulsions contained from 2 to 8 specimens. 

Virus was recovered with equal ease from lots 
which contained 1 or several insects. It was 
detected in 1 of 3 lots which had died sometime 
within 72 hours preceeding injection. Among 20 
lots which had died within 48 hours prior to testing, 

8 lots contained virus in an infective quantity. 
When tested within 24 hours after death of the 
insects, virus was demonstrable in 33 of 47 lots. 

DISCUSSION 

It is apparent from the results presented that the 
use of chloroform to stun insects which are to be 
used in attempts to isolate yellow fever virus is 
inadvisable. When employed in the minimal 
effective concentration it is innocuous to the varus. 
However, this critical concentration is easily over- 
stepped. 

The use of potassium cyanide is very effective, 
and it is non-injurious to virus. Unfortunately, 
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this method of killing insects is cumbersome and 
time consuming. The same objections apply to 
the use of tobacco smoke which, in addition, is 
relatively ineffective. The use of ether, then, 
would appear to be the method of choice, since 
ether is easy of application and does not 
significantly lower the virus activity within the 
period of time required for inoculations. 

The results obtained with insects dying of starva- 
tion and “natural causes” demonstrate that mos- 
quitoes which do not survive transportation to the 
laboratory may still be used in tests for the 
presence of virus. Similarly, insects which die 
during the course of transmission experiment, and, 
which ordinarily would be discarded, may be tested 
for virus. This results in sparing the lives of 
hardier insects, which may be tested at a later 
date for the presence of virus or used in tests 
of their ability to transmit virus through biting. 

SUMMARY 

Significant amounts of yellow fever virus have 
been recovered from the bodies of dead Aedes 
aegypti as long as 4 hours after death of the insect 


from exposure to ether, 17.5 hours after death 
from starvation, 20 hours after death from exposure 
to tobacco smoke, and 45.5 hours after death from 
exposure to potassium cyanide fumes. 

On the contrary, following death from exposure 
to chloroform vapor, most of the virus activity 
was lost in 30 minutes and was totally absent in 1 
hour. • 

Virus has been recovered from a significant 
number of lots of Haemagogus cquimts and Haema- 
gogtis spcgazzinii which died of “natural causes” 
during the course of laboratory transmission experi- 
ments. 

BIBLIOGRAPHY 

1. Stokes, A., Bauer, J. H., and Hudson, N. P.: 

Experimental transmission of yellow fever to lab- 
oratory animals. Am. J . Trop . Med., 8: 103-164, 
1928. 

2. Laemmert, H. W.: Susceptibility of marmosets to 

different strains of yellow fever virus. Am. J . 
Trop. Med., 24: 71-81, 1944. 

3. Reed, L. J., and Muench, H.: A simple method of 

estimating fifty per cent endpoints. Am. J. Hyg., 
27: 493-497, 1938. 



THE EFFECT OF PROLONGED STORAGE OF SERA ON YELLOW FEVER 

PROTECTION TESTS 1 

John C. Bugher 


In studies such os those on the duration of 
immunity following yellow fever vaccination, it 
has been customary to use the results of tire mouse 
protection test as a measure of the immune state; 
and in order to procure a time scries, sera taken 
at various periods arc compared in the same 
protection test run. This immediately raises the 
question of the effect of the storage on the older 
sera in the production of any differences of behavior 
between old and recent material. 

There has been no satisfactory answer to this 
question, although a tentative approach to the 
problem has been made from time to time. Lloyd 
and Penna (l) compared the antibody content of 
desiccated and fresh immune serum over a period 
of nine months and concluded that there had been 
no demonstrable decline in antibodies in the desic- 
cated material. These comparisons were made 
between desiccated sera from rhesus monkeys and 
fresh sera from the corresponding monkeys at the 
later periods. Fox and Cabral (2) conducted a 
somewhat more precise experiment in which desic- 
cated and undesiccated sera from three immune 
rhesus monkeys were compared at intervals up to 
nine months, all sera being stored at 5°C. They 
found no difference between the two types of 
preparation and no indication of decrease in the 
amount of antibody. They therefore extrapolated 
their findings to four years, the period under con- 
sideration in their postvaccination study, and 
assumed that if there had been' any change from 
storage, it was small. 

On reopening the laboratory for yellow fever 
studies at Yaba, Nigeria, in the quarters occupied 
by the West African Yellow Fever Commission 
from 1924 to 1934, a large number of sera in 
ampoules were found in a packing case in one of 
the outbuildings along with the original protection 
test records of these same sera, which were part of 
those collected in a study of yellow fever immunity 
in West Africa during 1931-33. After testing, 

x The studies and observations on which this paper is 
based were conducted with the support and under the 
auspices of the International Health Division of The 
Rockefeller Foundation. 


the remaining portions had been sealed in hard 
glass ampoules and stored at the ambient tempera- 
ture. On the departure of the Commission, these 
sera were boxed, left in a small building covered 
with corrugated sheet steel, and subsequently 
forgotten. While the average annual temperature 
of Yaba is approximately 28°C. the sera must have 
endured considerably higher temperatures over 
these years, since during the daytime the hot tropi- 
cal sun beat down upon the metal roof of the build- 
ing 5 only a few feet over the boxes in which the 
ampoules had been left. Thus for slightly over 
12 years, this material had been stored in almost 
the worst possible conditions, particularly with 
respect to temperature. 

Fortunately, the records which were found with 
the abandoned sera were very complete, giving 
not only the results of the tests but a detailed 
description of the technique of each run. Since 
the same technique was not followed throughout 
the period of the original study, this was very 
important and made it possible to duplicate the 
original test procedure exactly. 

From the stored material, sera originally protec- 
tion-test positive were selected, together with a 
smaller number of inconclusives and negatives. 
From these were discarded all sera with evidence 
of hemolysis or old contamination, so that the 
specimens reserved for test were clear, free from 
hemolysis, and with less than one millimeter of 
sediment in the bottom of the ampoule. The 
remainder were then checked against the original 
protection test runs and where there was evidence 
of an unsatisfactory run or undue technical varia- 
tion, sera tested in such runs were also excluded 
from further study. There remained 129 sera of 
good quality, tested originally under reasonably 
uniform conditions. 

2 Recent observations in this building show that dur- 
ing most of the day the temperature exceeds 37°C., ap- 
proaching 40°C. During the night there is a drop of 
several degrees. It appears that throughout the year 
the average temperature in this closed structure has not 
differed greatly from 37°C. 
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PROCEDURE 

All sera wore tested in standard intrnpcritoncal 
runs in mice of the Swiss strain, using the following 
technique: 

The virus suspension was prepared by grinding in 
a porcelain mortar the brains of mice ill with 
ncurotropic yellow fever virus. Grinding was 
continued for IS minutes so that a smooth paste 
was formed. For each brain used there was added 
1.5 cc. of 0.9 per cent salt solution to make a sus- 
pension approximately 20 per cent by weight. 
Smoothness of suspension was further insured by 
repeated aspiration of the material with a pipette. 
To 3.0 cc. of each scrum, 1.5 cc. of the virus sus- 
pension was added and the tube was agitated 
thoroughly. On completion of the mixtures, 
including controls, the inoculation of mice was 


survivors at the end of the tenth day and the 
denominator is the number of mice living on the 
fourth day (4). 

The times of starching and inoculation used in 
the original tests were carefully observed in the 
retests. The mice used were in part descended 
from the original stock used in the old tests; those 
of the second stock show no difference in sus- 
ceptibility to yellow fever varus when compared 
with the old Yaba strain. The ages of the mice 
were from 42 to 60 days, covering a span similar 
to that of the mice in the original tests. 

RESUI.TS 

The results of the tests are presented in the form 
of a frequency table in which the new test values 
are distributed with relation to the original sur- 


TABLE 1 


Correlation of Xnv Tost Results xvitk old Survival Ratios 



original 

ir.TTST StmVIVAl * ATI 03 

SR 

6/6 

5/6 

4/6 

5/6 

2/6 

t/6 

0/6 

Total 


1 " i 
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4 
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0 

0 
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1 
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0/6 

0 

0 

0 
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0 

20 
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27 

11 
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53 
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Normal human scrum 




0 

0 

0 

2 

6 
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Immune human scrum pool 1:1 


4 

0 

0 

0 

0 

0 

0 

4 

Immune human scrum pool 1:10 


4 

0 

0 

0 

! o 

1 0 

1 

0 

| 4 


begun. Two hours previously the mice had re- 
ceived an intracerebral injection of 0.03 cc. of a 
2 per cent solution of soluble starch under anes- 
thesia. Six mice were injected intrapcritoneally, 
without anesthesia, with each scrum-virus mixture, 
the individual inocula being 0.6 cc. The time spent 
in inoculation varied between 40 minutes and one 
hour. 

The virus strain used was that known as the 
French neorotropic strain established in mice by 
Theiler (3). The retests employed the first mouse 
passage of Theilcr’s Standard Vims 38 which itself 
is the 250th passage of the same strain. 

The mice were observed daily through the tenth 
day, and the deaths were recorded. The final 
results of both the original tests and the retests 
were expressed as a fraction, called the survival 
ratio, of which the numerator is the number of 


viva! ratios. Table 1 thus contains all of the 
relevant information of this study. 

It is evident that a marked shift to the lower 
survival ratios has occurred in the recent tests, 
and since every known factor of consequence has 
been maintained comparable in the two series of 
tests, it is reasonable to conclude that the shift is 
an effect due to storage of the sera. Further, it is 
clear that this effect is not a uniform one, for there 
tends to be a piling up of 0/6 results in excess of 
expectation. The same phenomenon is to be 
observed with sera that originally gave 5/6 sur- 
vival ratios. 

Table 2 has been computed from the formula: 
P » (n + 1) nCr nCs 

(r + x)l 

*(2 n ~ r s+ 1)(2 n - r - s + 2)-- (2n+ D' 
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where P is the probability oi tbc occurrence of the 
result, n is the number of mice in a group (in tills 
case, 6), r is the original survival number, and s 
the number of survivors in the group whose proba- 
bility P is desired (5). This table gives the 
expectations of survivals in a second sample when 
the first sample has shown the number specified 
(6), This implies all results “cquiprobable” 
in the beginning, which cannot be assumed here. 
Still, table 1 may be assumed to show something 
like the expected distribution of Erst and second 
tests, if the potency of the sera had remained the 
same. 

By comparing tables 1 and 2, it becomes more 
evident that the change toward less protective 
power was not a uniform one in all ampoules but 
instead was highly variable; so that instead of a 
unimodal curve, with a peak somewhere in the 


TABLE 2 

Expected Relcst Values cf Sera of Table 1 Assuming N o 
Change from Storage 


ORIGINAL 

RETEST SURVIVAL RATIOS 

SR 

6/6 

5/6 

4/6 

3/6 

2/6 

1/6 

0/6 

Total 

6/6 

28 
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0 

52 

5/6 

11 

12 

9 

6 

3 

1 1 

0 
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0 

1 

1 

1 

1 

0 

0 

4 

3/6 

0 

1 

3 

3 

3 

l 

0 

ii 

0/6 

1 0 

0 

i 0 

j 1 

2 

t 

6 

11 

20 

Totals 

39 

28 

1 19 

1 14 

10 

8 

11 

j 129 


midrange for the sera originally giving 6/6 results, 
there are maxima at either extreme such as may be 
expected in a mixture of positive and completely 
negative sera as shown by Muench (7). 

In order to obtain some measure of the loss of 
antibody, an immune human serum pool was 
prepared from sera that had given 6/6 results in an 
intracerebral protection test of approximately the 
same sensitivity as the intraperitoneal test used 
for this study. These sera were from persons with 
naturally acquired immunity along the Cross 
River in Nigeria and compared favorably with the 
type of material originally tested in the yellow 
fever survey. This pool has been used as the 
immune serum control in the intraperitoneal 
retests and has given consistent 6/6 survival 
ratios. 

An intraperitoneal antibody titration was per- 
formed with this pool using the same technique 


employed in the repeat tests. The results are 
shown in table 3. 

Referring to the data of table 1, the group of 
52 sera formerly giving 6/6 survivals or 100 per cent 
now gives only- 58 per cent surviving mice; that is, 
of 312 mice inoculated with serum mixtures of this 
group, 183 survived. By interpolation, this 
corresponds to a dilution of 1:94 of the immune 
human scrum pool IHSP-I. Taking this group 
of 52 old sera as a whole, it may be said that in 12 
years the antibody content has been reduced to 
approximately 1 per cent of its original value. 
This figure given for the reduction of antibody 
is clearly only an indication of the general magni- 
tude of the remaining activity and not a precise 
measure of it in any one scrum, since there was a 
striking disparity of rate of change among the 
various ampoules. N 

TABLE 3 


Run IP-6. Antibody Titration of Immune Human 
Scrum Pool 1 


DILUTION 

SURVIVAL RATIO 

1:16 

12/12 

1:64 

8/12 

1:256 

2/12 

1:1024 

1/12 


DISCUSSION 

While a large amount of antibody was lost in 
tliis material in the 12 years of storage under ad- 
verse conditions, the extent to which antibody 
could still be demonstrated is striking, although 
the test has a low order of sensitivity. 

It is especially noteworthy that there were no 
instances of previously negative sera giving posi- 
tive results after the long storage, a point that often 
causes concern in testing old material. While the 
evidence is clear in this instance, where hard glass 
ampoules of high quality were used, it is not safe 
to generalize concerning the inocuousness of more 
soluble glasses, such as are frequently employed. 
More studies should be made before concluding 
that false positives are never produced by solution 
of glass into the contained serum. 

Fox and Cabral (2) noted that sera stored four 
years gave less protection than fresh sera of the 
same persons examined in the same runs, when the 
standard intraperitoneal protection test was used. 
Since they had reason to believe that yellow fever 
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therefore give approximately a straight line. The 
quantities concerned are shown in table 5 and plotted 
in fig. 2. 

TABLE 4 

Deterioration of Diphtheria Antitoxin Stored at 36°-37°C. 
Combined Data of MacConkey and Glenny* 


TIME 

{amount antitoxin expected 

AMOUNT 

ANTITOXIN 


ki « 0.336 

h ~ 1.229 

OBSERVED 

year: 

0 

j 1.00 

1.0 0 

1.00 

0.5 

0.84 

0.61 

0.64 

1.0 

1 0.71 

0.44 

0.50 

4,5 

0.22 

0.17 

: 0.17 

6.75 

0.10 

0.10 

0.10 

12 

, 0.02 

0.06 



Since in 12 years the reduction in the amount of 
yellow fever antibody was of the order of that 
expected with diphtheria antitoxin kept under 

TABLE 5 

Deterioration of Diphtheria Antitoxin 
Velocity Constant fa at Various Temperatures 


TEMPERATURE 


TIKE k% l0gi« *1 


Anderson 

Anderson , 

MacConkey. , . 

Glenny. 

Glenny 

Glenny 


5 278 1 

15 288 1 

36 309 1 

37 310 4.5 

37 310 6.75 




.003 .0051 .0035 .0033 .0034 ,003 5 .0036 .COST 

1 

, T 

Fxg. 2. Deterioration of diphtheria antitoxin; relation of velocity constant to temperature 


For practical purposes, there are only three 
points to be fitted. The line which has been drawn 
to represent the temperature effect on the velocity 
constant is: 

logio fa « 11.566 — 


similar conditions, it seems reasonable to assume, 
lacking more information, that the order of the 
reaction and the temperature relationships are 
closely similar in the two systems. Under such an 
assumption, fa would be 0.055 at 5°C. and the 
loss in four years would be 18 per cent. 

However, while it is thought that the general 
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results of the study of the 12 year sera are con- - 
sistent with this Interpretation, it is also dear that 
individual ampoules depart ~ widely from this 
and show a much greater decline. The piling up 
of 0/6 survival ratios suggests that other factors 
were also operating to accelerate the diminution 
of antibody, so that an appreciable fraction have 
lost alTevidence of antibody content while another 
large proportion have retained it quite well, and 
there is not the preponderance of intermediate 
survival ratios which one would expect from a uni- 
form decline with time. 

It is impossible to enumerate the factors re- 
sponsible for this variation in rate of loss, but it is 
cleat that one cannot assume uniformity of change 
in sera stored for several years, even under the best 
of conditions. Further, it may be suggested that 
the reduction with time of the correlation between 
various methods of measuring antibody found by 
Glenny with diphtheria antitoxin may hold like- 
wise for yellow fever antibody. In such case, the 
improvement in results noted by Fox and Cabral 
when their stored sera were compared with fresh 
ones by the use of the young mouse test, may have 
been due not so much to the greater sensitivity of 
the test as to its being different from the standard 
test and responding to a slightly different charac- 
teristic. The fact that the difference noted with 
the standard test could be eliminated by the young 
mouse test, and indeed inverted to some extent, 
serves to emphasize that the various forms of the 
protection test are not identical in minor respects. 

CONCLUSIONS 

1. Yellow fever immune sera after 12 years of 
storage in glass ampoules under tropical conditions 
showed a marked quantitative loss of antibody, as 


shown hy the standard intraperitoneal protection 
test. 

2. Previously negative sera, stored under the 
same conditions, gave only negative results. 

3. Under these conditions, it appears that the 
average loss of protective power by an immune 
serum may be of the order of SO per cent per year. 
Marked individual variations may occur, however, 
so that the deterioration may be greatly accelerated 
in individual instances. 

4. Yellow fever antibody appears to deteriorate 
at a velocity similar to that of diphtheria antitoxin, 
some characteristics of which are computed. 
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Relapsing fever has been reported from many 
parts of Texas in the past several years and a 
number of caves have been cited as harboring 
ticks both infected and non-infected with the 
spirochete of relapsing fever (Graham, 1931; Kemp 
et al, 1935; Coleman and Wright, 1942). In a 
discussion note following Graham’s paper, Dr. 
T. C. Terrell of Ft. Worth reported a series of 
replapsing fever infections studied by him ori- 
ginating from a Sam Bass Cave in Denton County. 
In the reports of Kemp and his associates (1934 
and 1942) mention was made of a cave in Denton 
County, Texas, also called by them the Sam Bass 
Cave. In none of these reports was the exact 
location of the cave given. The one studied by 
Kemp, Moursund and Wright over a period of 
several years was reported to be infested with the 
tick Ornilhodorns iuriccita. During the period of 
their study they did not find these ticks to harbor 
the relapsing fever spirochete though frequent 
collections were made. No authentic human 
infections of relapsing fever have been traced to 
this cave since 1931. Fisher (1944) stated that 
though the ticks he collected there did not harbor 
the spirochetes as a natural infection they could 
acquire it by feeding on rats infected with his 
laboratory strain. 

Report of Naturally Infected Ticks 
in Denton County 

In search for a source of the tick, Ornilhodorns 
Ulrica la , the author was directed to a cave in 
the south central portion of Denton County, 
Texas, near the town of Roanoke. It proved 
to be rather small and near the summit of a hill 
called by some of the natives “Jmglebob Hill”. 
(Its location is shown on the map in figure 1.) 

Rocky ledges overhanging the cave form a point 
from which one can view the adjacent valley 
through which Denton Creek flows. Apparently 
this spot is quite well known locally for trails 
leading to the point and recent inscriptions on the 
rocks were observed. The cave is called Car- 
penter’s Cave by some of the natives in that 


region. Figure 2 is a photograph of the cave 
entrance. 

Three trips have been made by the author to 
this cave in the past year and each time ticks were 
collected from the sandy floor in its more remote 
portions. Droppings and tracks indicated that 
rodents frequented the cave. It was found that 
the ticks were most numerous in dry areas of the 
cave floor where animal droppings were more 
frequent and ticks were not found in areas where 
the sand was quite moist from recent rains. 

The ticks were identified as Ornilhodorns tnri- 
cata by Dr. Brennan of the United States Public 
Health Service. Both nymphal stages and adults 
were collected, but no hexapod larvae were found. 
Though most of the ticks apparently had not fed 
for some time, a few showed evidence of a re- 
latively recent meal. 

Groups of four ticks each were fed upon white 
rats which were subsequently observed by means 
of thick blood smears for evidence of infection 
with the relapsing fever spirochete. Ticks from 
each of the three collections were found to be 
infective for rats in which the course of the in- 
fection showed the typical relapsing phenomenon. 
No studies on the percentage of ticks infected 
were made. 

Two members of the first collecting party found 
ticks upon their bodies, at least one being at- 
tached in each case. Seven days after having 
been bitten one member developed a typical case 
of relapsing fever. The spirochetes were found 
in thick blood smears and two rats became pos- 
itive seven and ten days after inoculation with 
his blood. The infection was terminated with 
neoarsphenaminc and no relapses have occurred. 

Nine ticks from the cave were allowed to feed 
upon a congenital luetic child, age 13. Five 
days later he became ill rather suddenly with 
chills and a rapid rise in temperature. Spirochetes 
were demonstrated in his blood by means of thick 
smears and animal inoculations. Four relapses 
occurred at intervals of 3 to 5 days. Spirochetes 
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were demonstrable in his blood during each 
paroxysm. 

DISCUSSION 

Following the experimental evidence of natural 
infection with relapsing fever spirochetes in ticks 
collected from the cave under investigation as 
indicated by the animal and human infections, 
an attempt was made to identify this cave with 
the one studied by Kemp et al in this region. On 
one of the collecting trips Mr. Waters of the Me- 
dical Art Department without direction led the 
author to the cave herein reported and identified 
it as one which he had visited with Kemp several 
years ago. From a description sent him, Kemp 
has since identified it as the Sam Bass Cave of his 
earlier studies (Kemp et al, 1934 and 1942). 

It will be recalled that in 1930 and 1931 in- 
fections of relapsing fever were attributed to this 
cave, the most notable of these being that of Mr. 
W. G. Bruce, United States Department of Agri- 
culture, Bureau of Entomology, which was re- 
ported by Kemp, Moursund, and Wright (1934), 
In the years following these infections Kemp and 
his associates (1934 and 1942) repeatedly collected 
ticks from this locality but found none infected. 
Then in 1944 the author in collections made over 
a period of several months found experimental 
evidence of natural infection. 

One of two conditions could explain the failure of 
Kempt et al to find infected ticks: 

(1) Following 1931 the infection disappeared 
completely from the cave. One would expect the 
proportion of infected individuals in a tick popu- 
lation depending solely on “hereditary” trans- 
mission to decrease and perhaps finally disappear 
since it is probable that only a fraction of the 
progeny of an infected female tick are infected 
through the ovum (Francis, 1932; Brumpt, 1933', 
Kemp et al, 1934; Herms and Wheeler, 1936). 

(2) There were so few infected individuals 
present during the studies of Kemp et al that 
even repeated collections failed to demonstrate 
them (as suggested by Bohls, 1942). 

A variety of animals captured in or near caves 
or burrows harboring ticks of the genus OmU 
thodorus have been found naturally infected with 
relapsing fever spirochetes (Bohls, 1942). Such 
animals could play a role in the re-introduction or 
enrichment of the infection in one of several ways: 

(1) Infected ticks carried into the cave on 
animals from some other source may have de- 


tached themselves there. The short feeding period 
of the tick is not in favor of this method. 

(2) Animals infected in another focus might 
have visited the cave while the infection was still 
active, thereby infecting ticks which may have^ 
fed on them. 

(3) In the event that the infection did not die 
out completely, susceptible animals inhabiting 
the cave may have become infected and resided 
long enough to allow many of the ticks to become 
infected. Such enrichment could markedly in- 
crease the proportion of infected ticks in a rel- 
atively short period of time. 

Specific experimental proof of any of these 
possibilities has not yet been obtained. 

SUMMARY 

1. A cave harboring the tick Orniihodorus 
iuricata , is reported from Denton County, Texas. 

2. The cave was identified as the Sam Bass 
Cave studied previously by Kemp and his 
associates. 

3. For the first time experimental evidence is 
presented that many of these ticks are naturally 
infected with the spirochete of relapsing fever and 
that they are able to transmit the infection to 
man and white rats, 

4. An attempt has been made to indicate the 
possible mechanisms through which the infection 
in this area apparently disappeared and 
reappeared. 
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The current treatment of African trypanosomia- 
sis with antrypol or Bayer 205 and tryparsamide 
is usually effective. However, it is not ideal, 
and improved chemotherapeutic agents of reduced 
toxicity and higher effectiveness and greater ease of 
administration are desirable. It was with this in 
view that the present study of the effect of two new 
drugs on African sleeping sickness was under- 
taken. 

These investigations were carried on in Liberia, 
West Africa, under the auspices of the American 
Foundation for Tropical Medicine, Inc. Through 
the courtesy of the Firestone Plantations Com- 
pany, the hospital of the Firestone rubber plantation 
at Harbel, Liberia, was made available. Our 
patients were drawn from the native plantation 
laborers. These infected laborers came from 
different parts of Liberia where apparently the 
disease is established, but during the period that 
they remained on the Plantation proper, we con- 
sider that they were free from the risk of re-infec- 
tion. This report deals with 26 such patients: 
16 were treated with Melarsen oxide alone, 8 with 
70A alone, and 2 with 70A followed by Melarsen 
oxide. 

Melarsen oxide is a trivalent arsenic oxide de- 
rived from the pentavalent compound Melarsen 
previously introduced into therapy by E. A. H. 
Friedheim. Melarsen oxide contains 22.8 per cent 
trivalent arsenic, is very slightly soluble in cold 
water, but will form 5 per cent solutions in pure 
propylene glycol. It appears to be very stable, 
thus no decomposition of the solid chemical was 
noted in 2 J years, nor of the propylene glycol solu- 
tions in 10 months. Preliminary animal studies, 
performed by others, indicated marked in vivo 
trypanocidal action, a wide spread between 
curative and toxic doses and effectiveness after 
oral administration. Parke, Davis and Company 

1 Read at the Fortieth Annual Meeting of the Ameri- 
can Society of Tropical Medicine, at St. Louis, Mo., 
November 13-16, 1944. 


very kindly made available a supply of this com- 
pound for clinical trial. 

Melarsen oxide was given orally to 12 patients 
at a dose of 3 milligrams per kilogram for 5 to 8 
consecutive days. Eight of these cases had signs 
or symptoms of neurological involvement; the 
spinal fluid cell counts ranged from 65 to over 1200 
per cubic millimeter with an average of 357 cells; 
5 also had trypanosomes in the spinal fluid. After 
a single course of treatment all individual counts 
were reduced, the range being from 7 to 556 and 
the average falling to 138; 3 of the 5 with trypano- 
somes had become negative. The 4 patients with 
most abnormal fluids were given a second course 
which reduced the cell counts from an average of 
268 to 90; both patients who had shown 
trypanosomes in the spinal fluid became 
negative. Four months after cessation of treat- 
ment, one of these patients who had received two 
courses had a higher spinal fluid cell count than 
the previous month, indicating a relapse. 

Oral Melarsen oxide was also administered to 
four patients with normal spinal fluid cell counts 
in the early stage of infection. In all, the lymph 
node punctures and thick drops of blood had 
become negative at the end of a single course. No 
relapses were noted during two months after 
treatment, the maximum period of time we have 
as yet been able to follow a patient. Some of our 
neurological cases also had positive bloods or 
lymph nodes. These became negative after one or 
two courses of Melarsen oxide and have remained 
’so for periods up to 3 § months. 

Intravenous Melarsen oxide was given to 8 
patients at a dose of 0.1 mg./kg. daily for 7 con- 
secutive days. Five cases were blood or lymph 
node positive only; these became negative after 
the first course of treatment and have remained so 
for periods up to 2 months. Three other cases 
were of the neurological type and had previously 
been treated by other drugs without success. One 
was clearly benefited by Melarsen oxide, the cell 
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count falling from 110 to 9 cells; the other two did 
not respond; we hope to determine whether this 
may be attributed to arsenic resistance or to inef- 
ficacity of the drug. 

The second new drug employed, called 70A, is 
a phenylarsenoxide in which the arsenic is also 
trivalent. We are indebted to Dr. Harry Eagle 
for providing us with our supply. 

70A was used on 10 patients. After trials for 
sensitivity with one or two half doses, 70A was 
then given 40 mg. per injection, the injections 
being given thrice weekly and the total dose 
amounting to between 360 and 400 mg. In all 
of 7 early cases with no neurological involvement, 
the blood and lymph nodes became negative after 
one course, remaining so up to S months, the 
maximum period any patient was under observa- 
tion. With this compound, a rapid reduction in 
size of the cervical and epitrochlear lymph nodes 
was frequent and remarkable. Thus, 70A ap- 
peared to be effective in the early stages. How- 
ever, this compound seemed to have little or no 
action on the spinal fluid in meningo-encephalitic 
cases. Thus two of our patients had a much higher 
spinal fluid cell count after treatment than before, 
and in one of the patients, trypanosomes, 
previously absent, were found in the spinal fluid 
very shortly after the patient had received 380 
mg. of 70A. 


To summarize our results, Melarsen oxide has 
proved to be effective in both of the clinical stages 
of 'sleeping sickness. With doses which accom- 
plished this, no toxic reactions were observed. We 
believe these results are sufficient to warrant 
further attentive study of the compound, particu- 
larly to determine the optimum dosage and to 
compare its efficacity, toxicity, and relapse rate 
with drugs now in use. As to the comparative 
efficacy of the oral and intravenous methods of 
administration, the parenteral route is to be 
preferred for maximal effect. However, the drug 
given per os is undoubtedly effective and this 
method may be useful as a second choice, particu- 
larly before the nervous system is involved. In 
view of the indisputable efficacy of Melarsen oxide 
in meningo-encephalitic cases, it is interesting 
to note that arsenic determinations, performed by 
others on experimental animals, indicate that 
brain concentrations of Melarsen oxide are about 
the same as those of the heart and muscle tissue, 
and ran from two to three times as much as the 
blood concentration at the same time. Liver and 
spleen contained five to ten times as much, and 
kidneys thirty times as much as the brain. 

In regard to 70A, it seems clear that at the doses 
employed, 70A was effective in the early stage but 
neither prevented nor ameliorated cerebral involve- 
ment. 
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INTRODUCTION 

A 

Neither Ray (1932) nor Berrebi (1936) was 
able to grow the leishmanias in blood serum or in 
washed red blood cells. Using a slight modifica- 
tion of Kligler’s medium (1925), Adler (1934) 
cultured these organisms in the presence of serum 
which contained only traces of whole blood 
(1:5,000). Lwoff (1939) claimed that there are 
three factors essential for the growth and multipli- 
cation of the leishmanias and of Trypanosoma 
cruzi. Two of these factors were supposedly 
identified as ascorbic acid and hematin, while the 
third was an unknown fraction in the blood serum. 
Senekjie (1939, 1941, 1943) cultured the leish- 
manias in a liquid medium which contained rabbit 
serum free of hemoglobin. He likewise grew the 
leishmanias, as well as Trypanosoma cruzi , in egg- 
liver extract medium which was free of ascorbic 
acid and hemoglobin. By serial subcultures the 
leishmanias survived in egg-liver extract medium 
for four to six generations and T . cruzi for eight 
to ten generations. The first few generations 
were very rich, but progressively the growth be- 
came less and less abundant, until it ceased. 
When such a scanty culture was transferred to a 
blood medium, the organisms again grew very 
abundantly. Apparently they had stored some 

1 Aided by a research grant to the Department of 
Tropical Medicine, Tulane University, by Eli Lilly and 
Company. Thanks arc extended to Dr. H. M. Powell, 
of the Biological Division, Eli Lilly and Company, for 
a generous supply of rabbit’s serum albumin, serum 
euglobulin, and scrum pseudoglobulin; to Dr. W. A. 
Jamieson, Director of Biological Research, Eli Lilly and 
Company, for supplying the vitamins used in this study; 
to the Curator of the American Type Culture Collection, 
Georgetown University, for a pure culture of Fcnicillium 
notatum , and to Doctors E. C. Faust and W. H. Wright 
for helpful suggestions during the course of the investi- 
gation and in preparation of this manuscript. 

Read by Title at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, at St. Louis, 
Mo,, November 13-16, 1944. 


vital factor, and the reduced growth and multiph 
cation were due to a progressive consumption of 
this stored factor. The present writers have 
observed that liver extract solution is not essential 
and that egg medium overIay r ed with physiological 
salt solution or Locke’s solution gives comparable 
results (unpublished data). Thiamin chloride, 
nicotinic acid and pyridoxin have temporary 
growth-stimulating properties, so that in leish- 
mania broth with these vitamins the organisms 
grow and multiply for more than three weeks with 
or without sub culturing. Ascorbic acid has no 
such stimulating action while riboflavin and cal- 
cium pantothenate retard growth. 

The object of this study has been to determine 
the properties of the factor or factors responsible 
for the growth of the leishmanias and T . cruzi 
in culture. 

MATERIALS AND METHODS 

Lcishmania agar rabbit scrum medium. Five 
per cent normal rabbit serum was added to liquid 
leishmania agar (Senekjie, 1943) at 45°C. The 
medium was then put into test tubes and made 
into slants. This culture medium constituted the 
control on which the organisms were known to 
thrive. Some batches of this medium were 
heated at 70°C. and 100°C. in a water bath for 30 
minutes and then cooled as slants. 

Lcishmania agar washed rabbit erythrocyte me- 
dium. Defibrinatcd erythrocytes 0 f normal rabbits 
were washed four times in sterile physiological 
salt solution in an attempt to remove ail traces of 
serum. These unshed erythrocytes were sus- 
pended in enough physiological salt solution to 
make up the original blood volume, and this sus- 
pension was then added to melted lcishmania 
agar at 45°C, to make 10 per cent of the medium. 
The medium was then tubed and made into slants. 

Lcishmania agar egg while medium. Fresh 
sterile egg white was added to liquid lcishmania 
agar at 45°C. to give final concentrations of 5 and 
10 per cent albumin in the medium, which was 
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then made into slants. Some batches of the 
medium were heated in a water bath at 70°C. and 
100°C. for 30 minutes. Twenty-five hundredths 
per cent para-aminobenzoic add in physiological 
salt solution and 0.1 per cent thiamin, 0.1 per cent 
nicotinic add, 0.1 per cent pyridoxin each in 
physiological salt solution; as well as equal amounts 
of 0.1 per cent nicotinic add plus 0.1 per cent 
pryridoxin in physiological salt solution, and 0.25 
per cent para-aminobenzoic add plus 0.1 per cent 
nicotinic add plus 0.1 per cent pyridoxin in physio- 
logical salt solution, were used as overlaying solu- 
tions. Thiamin was sterilized by filtering through 
a Seitz filter, while the other vitamins were auto- 
daved. 

Ldshamania agar hemoglobin medium . One 
gram of Bacto beef hemoglobin (Difco) was dis- 
solved by gentle heating in enough normal NaOH 
(approximately 20 cc.) to get the hemoglobin into 
solution. The solution was then neutralized with 
normal HC1, autodaved, then added to liquid 
leishmania agar at 45°C. to give a final concentra- 
tion of one per cent, and then made into slants. 

Rabbit hemoglobin medium was prepared by 
centrifuging 7 cc. of defribinated rabbit’s blood 
(containing approximately one gram of hemo- 
globin), decanting the serum and washing the 
erthrocytes 4 times with sterile physiological salt 
solution, in an attempt to remove all traces of 
serum. The washed red blood cells were hemo- 
lized with normal NaOH, and enough of the base 
was added to make the material fluid (approxi- 
mately 20 cc.). Suffident normal HC1 was added 
to neutralize the solution which was autodaved, 
then added to 100 cc. of liquid leishmania agar at 
45°C. and made into slants. Human and sheep 
hemoglobin were prepared in a similar manner 
except that dtrated blood was used in place of 
defibrinated blood. Tubes of hemoglobin leish- 
mania agar media were overlayed with 0.25 per 
cent para-aminobenzoic add in physiological 
salt solution, and with 0.1 per cent thiamin, 
nicotinic add, and pyridoxin *each in physi- 
ological salt solution, as well as equal amounts of 
0.1 per cent nicotinic add plus 0.1 per cent 
pyridoxin in physiological salt solution, and 0.1 
per cent nicotinic add plus 0.1 per cent pyridoxin 
plus 0.25 per cent para-aminobenzoic add in 
physiological salt solution. 

Leishmania blood phenol agar . Concentrated 
liquid phenol was added to the liquid- leishmania 
blood agar at 45°C. in the proportion of 1:1000, 
and the medium was slanted in tubes. 

Leishmania albumin } leishmania cuglobulin and 


leishmania pseudoglobulin agar . Rabbit serum 
albumin, euglobulin and pseudoglobulin were 
prepared by Dr. H. M. Powell, Biological Division, 
Eli Lilly Research Laboratories, in the following 
way. 

“Nine hundred and twenty-five cc. of normal 
rabbit serum was taken from healthy rabbits 
on April 19, 1944. An equal volume of distilled 
water was added. To this combined volume of 
1850 cc. was added 793 cc. saturated ammonium 
sulfate, making a 30 per cent saturated solution. 
This solution stood overnight at room tempera- 
ture. Filtration was conducted on hard filter 
paper, and the precipitate was pressed and dialyzed 
free of ammonium sulfate in the cold through' 
cellophane. This was considered the eugobulin 
fraction and was labeled B-7600A. 

“The filtrate which had pressed through the hard 
filter paper measured 2540 cc. To this was added 
1000 cc. saturated ammonium sulfate to attain 
a concentration of 50 per cent saturation. After 
standing, this solution was filtered through hard 
paper, and the precipitate was pressed and dialyzed 
as before. This solution was considered as pseudo- 
globulin and was labeled B-7600B. 

“The above filtrate from the pseudoglobulin 
was fully saturated with the ammonium sulfate 
by adding the dry salt. The albumin which pre- 
cipitated was filtered off through hard paper and 
pressed and dialyzed and given the number 
B-7600C. 

“All three preparations, namely euglobulin, 
pseudoglobulin and albumin, proved reasonably 
free of sulfate, and each preparation was Seitz 
filtered to attain sterility. At no stage of the 
entire process was any heat, preservative, or other 
deleterious substance used. All of these solutions 
represented, of course, various concentrations of 
the separated proteins, due to the succeeding 
periods of dialysis becoming of necessity somewhat 
longer to free the material of sulfate, and thereby 
increasing the volume of the dialyzed solutions.” 
Albumin, euglobulin and pseudoglobulin were 
added to batches of the liquid leishmania agar 
at 45°C. to make ten per cent of the medium. 
Each mixture was then tubed and slanted. 

Similarly, media were prepared containing 5 
per cent euglobulin plus 5 per cent pseudoglobulin, 

5 per cent cuglobulin plus 5 per cent albumin, 

5 per cent albumin plus 5 per cent pseudoglobulin, 
and 5 per cent each of albumin, cuglobulin and 
pseudoglobulin incorporated into leishmania agar. 

Five per cent solutions of the three protein 
fractions of rabbit scrum in physiological salt 
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solution, singly and in combination, were prepared 
under sterile conditions to be used as liquid over- 
. lays on leishmania agar. 

■f All of the above-mentioned media were inocu- 
* lated with cultures of X. donovani , X. brasilicnsis , 
X. tropica and X . cruzi , and subcultures were made 
on the same media to determine the time of sur- 
vival. When no growth was observed by direct 
microscopic examination, subcultures were made 
on regular leishmania blood agar medium. 

RESULTS 

The three leishmanias and X. cruzi were first 
cultured on leishmania agar rabbit serum medium, 
and on the same medium which had been preheated 
at 70°C. and 100°C. for 30 minutes. Physiological 
salt solution was used as an overlay on all of the 
^above media. In unheated serum medium, the 
growth was very abundant as it was on the regular 
leishmania blood agar medium. On this medium 
preheated at 70°C., the growth was normal for one 
to five cultures, then became poor, but later it was 
normal and abundant. On the medium preheated 
at 100°C., there was a progressive diminution in 
growth: X. tropica died in the first culture tube, 
X. brasilicnsis ceased growing after the first sub- 
culture, while X. donovani and X. cruzi were 
slightly more tolerant and survived through the 
fourth and third subcultures respectively. Abun- 
dant growth was obtained in the unheated controls. 

The same four organisms were then cultured on 
leishmania agar washed rabbit erythrocyte* 
medium, with physiological saline overlay. X. 
iropica grew only in the first culture tube, X. 
brasilicnsis stopped growing after the first sub- 
culture while X. donovani and X, cruzi ceased 
growing after the fourth subculture. It was 
again apparent that the time of survival of X. 
donovani and X. cruzi is longer than that of X. 
iropica and X. brasilicnsis . The controls showed 
luxuriant growth. 

X. tropica and X. cruzi were likewise cultured on 
unheated leishmania agar egg white medium on 
this medium preheated at 70°C., and at 100°C. for 
30 minutes. Each of the above media had physio- 
logical salt solution as an overlay. These two 
organisms were also cultured on unheated leish- 
mania agar egg white medium overlayed separately 
with 0.25 per cent para-aminobenzoic add, 0.1 
per cent thiamin, 0.1 per cent nicotinic add, 0,1 
per cent pyridoxin, 0.1 per cent nicotinic add plus 
0.1 per cent pyridoxin, and equal amounts of 0.25 
per cent para-aminobenzoic add, 0.1 per cent 
nicotinic add, plus 0.1 per cent pyridoxin, each in 


physiological salt solution. On unheated leish- 
mania agar egg white medium with physiological 
salt solution overlay, X. tropica survived two sub- 
cultures, while X. cruzi survived three. On 
leishmania agar egg white media preheated at 70°C. 
and 100°C., with the same overlay, X. tropica 
survived one subculture, while X. cruzi survived 
three. Neither para-aminobenzoic add nor any 
of the vitamin B complexes tested were found to 
contain the growth-promoting factor or factors, 
since the organisms never survived more than 
one or two subcultures. The unheated controls 
showed abundant growth. 

X. tropica was cultured on leishmania agar beef, 
rabbit, human and sheep hemoglobin media and on 
these media overlayed with physiological salt“ 
solution, 0.1 per cent vitamin B fractions as well 
as para-aminobenzoic add in physiological salt 
solution, singly and in various combinations. 
On rabbit and on human hemoglobin media over- 
layed with physiological salt solution, X. iropica did 
not grow, but on beef and on sheep hemogobin 
with the same overlay it grew through one sub- 
culture. Similarly, 0.1 per cent thiamin, 0.1 
per cent nicotinic add, 0.1 per cent pyridoxin and 
0.25 per cent para-aminobenzoic add and combina- 
tions of these solutions, when utilized as overlays, 
were shown to lack the growth-promoting factors. 
Controls all showed abundant growth. 

X. cruzi was cultured on various hemoglobin 
media overlayed with physiological salt solution 
and with 0.1 per cent vitamin B fractions as well 
as 0.25 per cent para-aminobenzoic add, singly and 
in combination. On leishmania agar human 
hemoglobin medium with physiological salt solu- 
tion overlay X. cruzi survived only one culture, 
on sheep hemoglobin two, on beef hemogobin 
four, and on rabbit hemoglobin five. Similarly, 
on hemoglobin and vitamin combinations the 
organisms survived four to six cultures, but in all 
the tubes growth ceased on or before the sixth 
generation. 

On 0.1 per cent leishmania phenol blood agar 
with physiological salt solution overlay, X. tropica , 
X. donovani and X. cruzi did not survive the first 
culture tube. X. brasilicnsis was not utilized in 
this experiment. 

Six-day -old cultures of X. brasilicnsis , X. dono- 
vani, X. iropica and X. cruzi which were growing 
luxuriantly on leishmania blood agar medium 
were inoculated with Penicillium notatum . X. 
donovani and X. tropica died in 72 hours while 
X. brasiliaisis and X. cruzi lived for 7 days. 

All four flagellate organisms were cultured each 
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on^Ieishmania albumin, euglobulin and pseudo- 
globulin media, with physiological salt solution 
utilized as an overlay, and on 5 per cent of the cor- 
responding fractions in physiological salt solution 
as overlays on leishmania agar. The control 
consisted of leishmania agar overlayed with 
physiological salt solution. On the leishmania 
albumin medium the leishmanias survived two 
generations while T . cruzi survived three. On 
the leishmania euglobulin medium L. brasiliensis 
and L . donovani did not grow, while L. tropica 
and T. cruzi grew on the original culture tube but 
did not survive transfer. On the leishmania 
pseudoglobulin medium L. brasiliensis survived 
one culture, L . tropica two ?L. donovani three, and 
T. cruzi four. In protein fractions used as over- 
lays the survival rate was slightly less than when 
the fractions were incorporated into the medium. 

Finally, these organisms were cultured on com- 
binations of albumin, euglobulin, and pseudoglo- 
bulin incorporated into the medium. On the 
leishmania euglobulin-pseudoglobulin medium, L. 
tropica failed to grow, L. brasiliensis and L . dono- 
vani grew through two cultures, while T . cruzi 
grew through four cultures. On the leishmania 
euglobulin-albumin medium L. brasiliensis and 
T . cruzi grew through one culture, while L. dono- 
vani and L. tropica grew through two cultures. 
On the leishmania albumin-pseudoglobulin medium 
L. tropica grew through one culture, L. brasiliensis 
through two and L. donovani and T. cruzi both 
grew through three cultures. On the leishmania 
albumin-euglobulin-pseudoglobulin medium L. 
brasiliensis and L . donovani grew on the original 
culture but did not survive transfer, L. tropica 
survived one transfer and T. cruzi two transfers. 

DISCUSSION 

Experimental evidence during this investigation 
has shown that the growth-promoting factors are 
not present in erythrocytes washed free of serum; 
nor are they in the hemoglobulin of sheep, rabbit, 
man or beef, but they are present in blood serum. 
These factors are at least partially thermostabile 
at 70°C. for 30 minutes, but are destroyed at 100°C. 
for 30 minutes. The present study has demon- 
strated that these factors are not present in the 
albumin, euglobulin, or pseudoglobulin fractions 
of rabbit serum, or in combinations of these 
component protein fractions. The addition of 
various vitamin B complexes and para-amino- 
benzoic acid to the hemoglobin does not restore 
the growth-promoting effect of serum. Moreover, 


the factor or factors are not present in egg white. 
Further studies are necessary to identify the factor 
or factors concerned which may have been lost 
during dialysis of the serum protein fractions in- 
vestigated. 

An attempt was made to induce smooth to rough 
variation by growing the organisms in a phenolized 
medium, but in such a medium the organisms died. 

Pcnicillium notafum killed cultures of the organ- 
isms studied in 3 to 7 days. 

All of the data on the culture requirements of 
these organisms show that hemoglobin is not 
necessary for their growth, hence the term “hemo 
flagellates” as applied to them by certain workers 
is inappropriate. 

SUMMARY AND CONCLUSIONS 

1. The growth-promoting factor or factors for 
the blood and tissue flagellates studied are present 
in serum, but are not directly associated with 
albumin, euglobulin, pseudoglobulin or combina- 
tions of these three important fractions. 

2. Neither hemoglobin nor washed erythrocytes 
contain the necessary stimulant. 

3. This stimulant partially survives heating at 
70°C. for 30 minutes, but is destroyed at 100°C. 

4. The factor or factors are not para-amino- 
benzoic add, pyridoxin, nicotinic acid, thiamin nor 
any other vitamins tested. 

5. The essential stimulant is dialysable, and is 
probably lost during the process of fractionating 
the serum proteins. 
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The term “rodents” is often used to include all 
small mammals, particularly those of an injurious 
nature, yet, properly speaking, the rodents, Order 
Rodentia, are a definite zoological group best 
characterized by the chisel-like incisor teeth, four 
in number, and the absence of canine teeth. The 
rabbits, which were previously classed as a sub- 
order of the rodents, are now placed by most mam- 
malogists in a separate order, the Lagomorpha, 
which was proposed by Gidley (1912). The rab- 
bits differ markedly from the true rodents in their 
parasites, diseases, and reactions to disease. 

Tularemia is stated by most writers to be a 
rodent disease but practically all have failed to 
distinguish between true rodents and rabbits. 

Simpson (1929) states, “Tularemia exists primarily 
as an infectious disease of u*ild rodents particularly 
rabbits.” 

Green (1931) says, “Tularemia is known to be a 
disease of rabbits as well as many other rodents .” 

Hull (1941) writes of the disease, “primarily it oc- 
curs in nature as a fatal bacteremia of wild rodents 
especially hares and rabbits.” 

Hagen (1943) repeats, “The disease affects various 
rodents especially the wild cottontail rabbit.” 

The anatomical distinctions usually cited which 
separate the rabbits from the rodents, the chief of 
which is the presence of an additional pair of incisor 
teeth immediately behind the large upper incisors, 
appear to be very minute. Hamilton (1943) 
states: “There is, however, enough difference 
between them and the rodents to justify regarding 
each as ordinally distinct, the similarity being 
accounted for through parallel development or 
convergence.” In contrasting the rabbits and the 
rodents EUerman in “The Family and Genera 
of Luring Rodents” states, “The fundamental 
differences in the appearance of those parts of the 
skull to which the jaw muscles are attached may 

1 Presented at the Fortieth Annual Meeting of the 
American Society of Tropical Medicine, St. Louis, 
Mo., November 13-16, 1944. 


surely be at once stated in the Lagomorpha to be 
a much more important character than the reten- 
tion of a functionless second upper incisor which 
seems to be quoted always as the main difference 
between the two groups.” 

Zoologists are unanimous in recognizing the 
difference between rabbits and rodents. Some, 
as Mffler (1924), Scott (1937), Wilson (1937), 
Anthony (1928), and Hamilton (1939), place the 
rabbits in a separate order and others, as Kingsley 
(1912), Simpson (1931), Henderson and Craig 
(1932), and Hegner (1943), make only a subordinal 
distinction with the name Duplicidentata in con- 
trast to the Simplicidentata or true rodents. 
Minor as these characters appear to be, they can 
be followed back through geological ages to the 
Oligocene (Gidley 1912, Dice 1929) or Paleocene 
(Simpson 1943), and so far no intermediate form 
has been found uniting the two groups. This 
antiquity is comparable to that of other orders 
of placental mammals according to a diagram 
prepared by Matthews (1943). 

In a survey of the sources of human infection 
Francis (1937) says, “Wild rabbits and hares are 
the direct cause of over 90 per cent of the human 
cases in the United States.” 

In Illinois, which has reported twice as many 
cases of tularemia as any other state, “98.3 per 
cent of the cases were due to handling infected 
rabbits,” according to McDaniels (1931). 

Based on records of sources of human infection, 
tularemia in North America must be considered 
as primarily a disease of rabbits, of the order Lago- 
morpha, and secondarily as a disease of rodents, 
of the order Rodentia. Certainly less than 10 
per cent and probably less than 5 per cent of the 
total cases are transmitted from rodents. 

Obviously, all kinds of rabbits are not equally 
involved in the epidemiology of tularemia as 
emphasis has been placed on the cottontails, 
Sylvilugus spp., as reservoirs (Simpson 1929) 
while the domestic rabbit, Oryctolagtis cuniculus , 
is conspicuously free of the disease (Francis 1925). 
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A brief synopsis of the rabbits of North America 
is taken from Miller (1924) whose classification 
will be followed in this paper. He lists two 
families, the Ochotonidae and Leporidae, as native 
to North America. These two families include 
all the living members of the order Lagomorpha. 
Both families have been monographed in the 
North American Fauna Series, “The Rabbits of 
North America” by E. W. Nelson (1909) and 
“Revision of the American Pikas” by Howell 
(1924). The family Ochotonidae contains but a 
single genus, Ochoiona . Several subgenera are 
recognized in Asia but only the subgenus Pika 
is found in North America. The family Leporidae 
is represented in North America by four native 
genera, Leptts, Syivtlagcts, Btxrckyfagtcs, and 
Romerolagtis . To the native North American 
rabbits must be added two introduced forms, the 
domestic rabbit, Oryctolagus cuniculus , and the 
European hare, Lepus europaeus . The latter has 
become established in nature in several areas in 
North America (Henderson and Craig 1932). 

The American Lagomorpha are summarized as 
follows: 

ORDER LAGOMORPHA 
Family Ochotonidae 
Genus Ochotona 
25 species and subspecies. 

Family Leporidae 
Genus Lepus 

120 native species and subspecies, 

, 1 introduced species. 

Genus Sylvilagus 
45 species and subspecies. 

Genus Bracltylagns 

1 species 

Genus Romerolagus 

1 species 

Genus Oryclolagus 

/ 

Introduced, many varieties. 

Members of the family Ochotonidae are the 
smallest living rabbits, scarcely equaling a guinea 
pig in size. They inhabit talus slopes of the 
western mountains where they are known as rock 
rabbits, conies, little chief hares, and hay-makers. 
Their relationship to tularemia has not yet been 


determined as they have not been tested for sus- 
ceptibility to Pasieurdla lularcnsis , nor found 
infected in nature, nor suspected as a source' of 
human cases. 

Several genera of the family Leporidae are of 
little significance as reservoirs of tularemia. The 
domestic rabbit, Oryciolagus cuniculus , a European 
species, though highly susceptible to the disease 
by laboratory experiment, has not been a proved 
source of human infection, except for laboratory 
workers. This anomaly is the subject of a paper 
by Francis (1925) entitled, “Absence of tularaemia 
(rabbit fever) among rabbits raised in rabbitries.” 
On many farms the domestic rabbits are at liberty 
to range with their wild relatives and are more or 
less feral, still they seem to escape the disease . 

A case of tularemia in northern Michigan 
thought to be due to contact with some type of 
domestic rabbit is reported by Belote (1931). 
The patient who had recently purchased the rab- 
bits said they were represented to him as “chin- 
chillas.” Some disease was present in the rabbits 
as 7 of the 9 died within a few weeks time. A 
possible human case of tularemia from contact with 
domestic rabbits was reported to the Rocky 
Mountain Laboratory by Dr. E. P. Simms, Alama- 
gordo, New Mexico. The patient, a laborer and 
resident of Alamagordo, became ill in October 
1932 and Dr. Simms states the only source of 
infection as far as could be ascertained was from 
skinning a domestic rabbit. A recent letter from 
Dr. Simms (1944) states that diagnosis of this 
case was confirmed by an agglutination test. 

The genus Ro?nerolagjis , or volcano-rabbit, is 
represented by a single species and is limited in 
distribution to a few mountain slopes in Mexico. 
It has not been implicated as a reservoir of tula- 
remia. 

The Idaho pigmy rabbit is given as a distinct 
genus by Miller (1924), but workers at the Museum 
of Vertebrate Zoology, University of California 
(Davis 1937 and others) consider it only a sub- 
genus of Sylvilagus . Its range is centered in Idaho, 
but extends into the adjacent states of Nevada, 
California, Oregon and Montana. Although 
much smaller in size, it is seldom differentiated by ■ 
local residents from cottontails which are present 
in the same area. It has not been tested for sus- 
ceptibility to tularemia and it has not been specifi- 
cally referred to in the literature as the source of 
human infection. 

Two cases of tularemia possibly due to contact 
with a pigmy rabbit are reported in correspondence 




Range of Varying Hares of Alaska, Canada fjJJS part, and Kolils, 1940.) 
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(1944) by Mr. A. E, Borell of Albuquerque, New 
Mexico, While engaged in a study of the mam- 
mals of Nevada, which necessitated capture and 
preparation of many small animal skins, Mr, Borell 
and his brother captured a pigmy rabbit found in a 
lethargic condition near their camp in the Ruby 
Mountains of Nevada, July 22, 1927. After 
photographing the animal, it was prepared for the 


and northern Canada; snowshoe or varying hares 
of northern Alaska, Canada, and the United States; 
and the jack rabbits of southern Canada, western 
United States and Mexico. (See distribution maps 
I and n. 

The arctic hare, Lcpus ardicus or related species, 
has not been found infected with tularemia or has 
its susceptibility been studied. 



LEPUS TOWNSENDll GROUP. (AFTER NELSON , 1909 AND SETON.I929. > 
LEPUS CALIPORNHCUS GROUP. < AFTER SETON\ 1929, IN PART > 




LEPUS ALLEN! in Arizona . < .after vorhjes and taylor, 1933 > 
AND G A1LL ARDI in NEW MEXICO < AFTER BAILEY, 1931 > 


MAP n 


Range of Jack Rabbits of United States and Canada 


(After Kohls, 1940.) 


museum. (A picture of the rabbit has been pub- 
lished, Borell and Ellis, 1934. Within three 
weeks, Air. Borell and his brother were ill of tulare- 
mia. Diagnosis of both cases was confirmed by 
agglutination tests. Three other local residents 
developed the disease about the same time. The 
work of preparing small mammal skins offered 
these men other chances of infection. 

,The genus Lcpus is well represented in North 
America and includes: The arctic hares of Alaska 


THE SNOWSHOE HARES 

The varying hares or snowshoe rabbits, 2 Lcpus 
amcricanus , L. bairdii , and Z. washingtonii } inhabit 
almost the entire area of Alaska and Canada. They 
are extremely important members of the mamma- 
lian fauna, being used as human food and as a 
source of fur, as well as constituting the main food 

2 Dalquest (1942) considers all forms of the varying 
hare as subspecies of Lcpus amcricanus . 
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supply for the more valuable fur bearing carnivores 
of the region. Their range in the United States is 
limited to the northern tier of states with more 
southerly extensions in the high mountainous areas. 

The relationship of this group of rabbits to tula- 
remia is deserving of detailed consideration. 

Simpson (1929) states, “West of the Mississippi 
the jack rabbit ( Lcpus ) and the snowshoe rabbit 
( Lepus bairdii ), as well as the cottontail rabbit, are 
the most important direct or indirect agents in the 
transmission of the disease to man.” 

In a paper on “Sources of Infection and Seasonal 
Incidence of Tularemia in Man,” Francis (1937) 
states, “Cottontail rabbit, Syfoilagtis floridanus; 
jack rabbit, Lepus sp.; snowshoe hare, Lcpus bair- 
dii; these animals are the direct cause of over 90 
percent of the human cases in the United States.” 
However, he did not discuss their relative im- 
portance. 

There are numerous papers on the cyclic abun- 
dance and scarcity of the snowshoe hare in Canada 
and the northern United States, and the effect of 
the rabbit cycle on the fur industry. As tularemia 
has been the most conspicuous disease known 
among wild rabbits, it has been generally assumed 
that tularemia was the cause of this periodic die-off. 
R. G. Green, of the Bacteriology Department of 
the University of Minnesota, and his associates 
have probably studied this cycle and its disease 
implications more continuously than any other 
workers. In 1935, Green and Shillinger stated, 
<f The yearly census has shown a population de- 
crease, and the mortality calculations given below 
present a picture of large losses among hares during 
1933. It is only reasonable to ascribe to the ob- 
served spread of tularemia an important role in 
these losses, . . . recognizing the difficulty of finding 
carcasses in the young dense vegetation.” And, 
“An unusual spread of tularemia among hares fol- 
lowing a die-off of cottontails, seems to account for 
the decline.” After 10 } r ears of intensive field and 
laboratory study, they reached a different conclu- 
sion in 1939 that “Although tularemia is frequently 
seen in the hare, we have determined that it is not 
the cause of the die-off of the animal.” Further- 
more, they state, “We have found the snowshoe 
hare, which inhabits the northern half of Minne- 
sota, to be resistant to tularemia. Rabbits of this 
species seldom die from the disease and most of 
them recover without becoming noticeably sick,” 
but in regard to the cottontail, Green writes, “In 
the cottontail rabbit, w r hich is found in the southern 
two-thirds of Minnesota, and which is very suscep- 


tible, it is a severe infection. Cottontail rabbits 
that have the disease do not generally live more 
than a week and invariably die of the infection.” 

Rather detailed monthly reports of the wildlife 
disease studies in Minnesota were prepared by Dr. 
Green and his associates and published as mimeo- 
graphed circulars entitled “Minnesota Wildlife 
Disease Investigations.” These deal largely with 
the snowshoe rabbit studies. 

Conspicuous in these studies are the following: 

1. The rarity of fatalities from tularemia among 
the snowshoe rabbits, even in fatal epizootics when 
many dead rabbits were examined. In July 1934, 
(1 animal); May 1935, (1 animal); June 1936, (3 
animals); and June 1937, (1 animal); and possibly 
in other instances hares picked up sick or dead of 
tularemia were reported, and only in 1936 and 1937 
were gross lesions characteristic of tularemia ob- 
served in these animals. 

2. The absence of gross lesions in apparently 
normal rabbits, shot for examination, but in which 
tularemia was demonstrated by transfer of tissues 
to experimental animals. 

3. The frequent presence of agglutinins for Pas - 
teurella lularensis in trapped and apparently 
healthy hares. 

In the Minnesota studies, Green frequently re- 
ported finding cottontails dead of tularemia and 
exhibiting gross lesions typical of the disease. In 
one instance (1932) a fatal epizootic occurred in 
cottontails in typical snowshoe territory but the 
only evidence of the disease in snowshoes was the 
presence of positive agglutinins in sera of these ani- 
mals A contrast of the disease in the two hosts is 
given by Green (1938): “This difference between 
the pathological findings in cottontail rabbits and 
snowshoe hares seems to be a reflection of the se- 
verity of the disease in the two species. The 
cottontail rabbits, being highly susceptible to the 
disease, exhibited the characteristic lesions; while 
the snowshoe hares, more or less resistant to the 
infection, did not show a similar type of lesion 
under ordinary circumstances.” 

A study on the “Fluctuations in the numbers of 
the varying hares {Lepus americanus )” was made 
by MacLulich (1937) which included a historical, 
field and laboratory survey of the problem. He 
did not find tularemia infection in any of the vary- 
ing hares but secured positive agglutination tests 
from 4 to 29 serum samples tested (with one titer as 
high as 1:5120). He states, “The decrease in 
abundance of hares was due to wholesale dying -off 
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. . . the epidemic is not always the same disease at 
every time and place.” 

Reference to distribution map I of the varying 
hare and map IV of the incidence of tularemia in 
man in North America shows there is very little 
relationship. The great bulk of the human cases 
occur south of the range of the varying hare. Re- 
ported cases of tularemia in Canada are not numer- 
ous and no definitely positive case has been 
reported for Alaska. The snowshoe rabbit is found 
in abundance in the northeastern states as Nelson 
(1909) quoted a statement that “about 2,000,000 
varying hares are caught each winter in Maine,” 
yet Frauds (1937) states, “One is struck by the 
small number of cases occurring in the states com- 
prising the northeastern section of the United 
States.” 

Comparison of distribution maps of the snowshoe 
rabbit and of tularemia incidence indicates, if 
anything, a lack of relationship between the pres- 
ence of these rabbits and the presence of tularemia. 
Study of individual state maps emphasizes this lack 
of relationship. The snowshoe rabbit inhabits 
about three-fourths of the State of Washington, 
yet this is an area of low inddence. Its largest 
geographical range in the United States is in Idaho, 
western Montana, western Wyoming, northern 
Utah, and Colorado. Tularemia studies have 
been an important part of the research work of the 
Rocky Mountain Laboratory in western Montana, 
near the center of the area, since 1922, and exten- 
sive records on cases have been kept. We have 
only 3 human cases of tularemia recorded that 
were attributed to contact with the varying hares 
in these Western States. Two cases of tularemia 
due to contact with snowshoe hares at Carbarton 
Valley, Idaho, April 1929, were reported by Dr. 
J. C. Woodward of Payette. Both cases appar- 
ently handled the same rabbits; one case was con- 
firmed by an agglutination test with a titer of 
1:640. Another case probably from a snowshoe 
hare was reported by Dr. W. W. McKay from 
Utah, in March 1943. The prolonged incubation 
period, 30 days, after contact with “a white moun- 
tain hare” would suggest some doubt that this 
rabbit was the source of infection. (Recovery of 
infection from this species of rabbit in British 
Columbia, Canada, w T as reported by Parker, 
Hearle, and Bruce, 1931.) A single case in British 
Columbia due to the bite of a cat which had been 
fed a snowshoe rabbit found dead in the woods is 
reported by Moilliet (1936). The locality, 12 
miles south of Kamloops, or about 130 miles north 


of the Canadian border, is well beyond the known 
range of rabbits other /than snowshoes and conies. 

THE JACK RABBITS 

The jack rabbits, Lepus spp., occupy most of the 
area of the United States west of the Mississippi 
River. They extend into Canada in two separate 
places, a small area west of the Continental Divide 
in British Columbia and a much larger area east of 
the Divide in Alberta, Saskatchewan, and Mani- 
toba. They range into southern Mexico but ap- 
parently not into South America. Map II shows 
their distribution. There are very few sections of 
much size where' jack rabbits are present and 
cottontails entirely absent except in the extreme 
northern part of their range. Mature jack rabbits 
are sufficiently distinct in appearance to be recog- 
nized by the majority of people with any famili- 
arity with animals so that case data specifying 
jack rabbits as the source of tularemia infection 
should be reliable. 

In the original studies of “Deer Fly Fever” in 
Utah, Francis (1927) isolated tularemia ' from 17 
jack rabbits, and later (1937) stated, “Cases west 
of the Mississippi due to the activities of skinning 
and cutting up wild jack rabbits for fish bait, 
coyote bait, chicken feed, dog feed, fox feed and 
for the table are without seasonal incidence.” 

Tularemia was reported from each of six lots of 
ticks from jack rabbits and from tissues of two 
white-tailed jack rabbits near Ringling, Montana, 
by Philip, Jellison and Wilkins (1935) . One of the 
rabbits was found dead and lesions characteristic 
of tularemia were observed on the spleen and liver. 
Many other lots of ticks and tissues tested were 
negative. Infection in jack rabbits in southern 
Alberta has been reported by Brown (1943). 

Two human cases, one fatal, due to contact with 
a sick jack rabbit in Minnesota were reported by 
Hartman, Beaver and Green (1933). 

The only general State summary of tularemia 
cases in which the cases are designated specifically 
as to type of rabbit contact is by Brown, Lattimore 
and Hofman (1933) for Kansas, which states, “Of 
the 105 rabbit contact infections 98 were cotton- 
tails and 7 jack rabbits.” 

In most of the cases of tularemia reported to the 
Rocky Mountain Laboratory from the Western 
States in which rabbits were the source of infection, 
the type of rabbit responsible is not specified. 
However, among the numerous case records accu- 
mulated since 1923, in twenty-four jack rabbits are 
designated as the source of infection. Five of 
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these were confirmed by agglutination tests and the 
others are based on clinical diagnosis by the report- 
ing physician. One case was fatal. These were 
distributed as follows: Idaho 5, Montana 2, Ne- 
vada 2, New Mexico 10. Oregon 3, Utah 1, and 
Wyoming 1. 

The writers would not minimize the role played 
by jack rabbits, Lcpus spp., as reservoirs of tulare- 
mia. Many human cases have come from direct 
contact with these animals and they are important 
hosts of ticks and probably of the biting flies that 
are known carriers of the disease. The jack rabbit 
is not hunted as intensively as the cottontail and 
in general occurs in areas of sparser human popu- 
lation. 

THE COTTONTAIL AND RELATED FORMS 

The genus Sylvilagus contains several groups of 
closely related rabbits including the tropical forest 
or swamp rabbits and the California brush rabbit, 
as well as the typical cottontails which include the 
eastern cottontail, S. florid anus, the New England 
cottontail, 5. transitionalis , the western cottontail, 
5. audubonii, and the Rocky Mountain cottontail, 
5. nutlallii. Epidemiological data, other than 
geographical distribution, do not give separate con- 
sideration to the subgenera, species or subspecies. 

The known northern boundary of the range of 
the cottontail in North America rather closely 
follows the Canadian-United States boundary. 
Some species are present in every state although 
their range in Maine is rather limited. They ex- 
tend southward through Mexico, Central America, 
and South America to northern Patagonia, accord- 
ing to Nelson (1909). The genus Sylvilagus is not 
native in Asia or other continents of the Eastern 
Hemisphere. 

Cottontails are extremely prolific and in spite of 
intense hunting and numerous natural enemies they 
maintain their numbers in well populated areas 
and even in the suburbs of cities. In the eastern 
United States, they are one of the most important 
game animals and are protected by closed seasons 
and bag limits. 

The exact distribution of the cottontail is appar- 
ently extremely pertinent in the epidemiological 
study of tularemia in North America and appears 
to be especially criticaLin regard to hyman infec- 
tions in the State of Washington and in southern 
Canada where cases appear to be just on the 
northern limit of the distribution of the genus. 
Seton (1929) in his section on the cottontails has a 


chapter entitled “Range and Northward March” 
and states, “But within 50 years the Eastern 
Cottontail has greatly extended its holdings north- 
ward — perforce northward, since it came from the 
south, and had already spread from sea to sea . . . 
it has steadily increased its territory as the snow- 
shoe has retreated.” 

The extension of the range of the cottontail is 
also emphasized by Nelson (1909) who writes: “It 
is altogether probable that previous to the settle- 
ment of the country and its deforestation cotton- 
tails were unknown in a large part of the eastern 
United States.” 

This genus of rabbits is directly responsible for 
the great majority of cases of tularemia within the 
United States. A distribution map of tularemia 
incidence was published by Alexander (1944) from 
data supplied by the Public Health Service and is 
reproduced here with slight modification and with 
the addition of Canadian cases. This invites com- 
parison with the distribution maps of the various 
species of rabbits, and especially of the cottontail 
in the United States. Eleven states have reported 
500 or more cases of tularemia per state. Ten of 
these lie south of the range of the varying hare, 9 
lie east of the range of the jack rabbits, but all are 
within the range of Sylvilagus and specifically of 
S.floridanus. Except for other species of Sylvila- 
gis no other rabbits are involved in this area. The 
8 contiguous states where Sylvilagus is the only 
rabbit reservoir and tularemia case totals for each 
as given by Francis (1942) are as follows: 


Illinois 

... 2267 

Indiana 

. . . 483* 

Ohio 

... 1109 

Louisiana 

. . . 483* 

Kentucky 

, ... 936 

Arkansas 

. . . 409* 

Georgia 

... 610 

Tennessee 

. . . 409* 


* Cases since 1942 apparently bring the total above 
500. 


'Francis (1942) gives records by states of 14,002 
cases of tularemia and not “13970” as indicated on 
his distribution map. Of these cases, 9,171 or 
65.5 percent occurred in states practically free of 
all rabbits except cottontails. The remaining 
cases, 4,831 or 34.5 percent, occurred in states 
which do have cottontails but also have other 
genera of rabbits. 

Illinois has reported more cases of tularemia than 
any other state — 2267. The jack rabbit occurs 
only in the extreme northwestern corner of the 
State. S.floridanus , the only other wild rabbit in 
the State, is State-wide in distribution. McDan- 
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MAP IV 

Distribution of Tularemia Cases in North America 

(After Alexander, 1944, and Jenkins, 1939.) 
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iels (1931) estimated, “98.3 percent of the cases of 
tularemia in Illinois were due to handling infected 
rabbits,” which could only have been native 5. 
jloridanus or rabbits shipped to the markets from 
other States. 

Kansas, which borders on this area, does have 
an abundant jack rabbit population and a high 
incidence of tularemia — 450 cases (Francis 1942). 
However, of 105 rabbit-contact infections from a 
total of 120 cases in Kansas reported by Brown, 
Lattimore and Hofman (1933), 98 were due to cot- 
tontails and only 7 to jack rabbits. 

The scarcity of tularemia in the New England 
States has been cause for speculation. Francis 
(1942) recorded the following cases for this area: 


Maine 1 

New Hampshire 1 

Vermont 0 

Massachusetts 4 

Connecticut 1 

Rhode Island 1 


Reference to distribution maps by Hamilton 
(1943), probably the most accurate available, 
shows that S. fioridanus , the common eastern 
cottontail, extends only into Connecticut and not 
into the other New England States; however, it is 
reported in Massachusetts by Trippensee (1944). 
This rabbit does extend well into New York which 
reported 66 cases, although Francis (1937, 1944) 
states that most of the cases in New York were due 
to market rabbits shipped in from other states. 
Another cottontail, 5. iransitionalis , occurs in 
nearly all of the New England area except Maine. 
It is present only in the southern comer of this 
State. 

Among the Western States, Washington has a 
fairly low incidence of tularemia, 16 cases. This is 
less than any other Western State except North 
and South Dakota. Published distribution maps 
show that only the southeast quarter of the state 
is occupied by cottontails, Sylvilagus , but informa- 
tion from the Washington Game Department 
indicates this range extends farther north than 
shown on the map. This is also evident on the 
map published by Dalquest (1941). Case records 
at the Rock}^ Mountain Laboratory show that of 
.the 13 cases on which we have data, all occurred 
in the eastern half of Washington (Stevens County 
3, Pend Oreille County 3, Lincoln County 3, Spo- 
kane County 3, Benton County 1). These counties 
lie just north of the range of S. nuUallii as given by 


Seton (1929), but within the present range of the 
cottontail. The area is also occupied by jack rab- 
bits. A list of the tularemia cases in the State of 
Washington by counties since 1929 has been 
supplied by Dr. W. R. Geidt, epidemiologist (1944). 
Every one of> the 21 cases reported occurred in 
counties in the eastern part of the State where 
cottontails are native, or in the few counties in the 
w'estem part of the State where eastern cottontails, 
S. jloridanus , have been established by sportsmen 
(Dalquest, 1941). Cases were attributed to con- 
tact with rabbits, muskrats, game birds and to the 
bites of flies and ticks. 

Two species of cottontails occur in Oregon, S. 
mitiallii in the east and 5. bachmani in the west. 
Francis (1942) records 61 cases of tularemia from 
Oregon. The Rocky Mountain Laboratory has 
case data on 36 cases. Thirty-five of these are 
within the range of S . nuUallii as given by Bailey 
(1936) in the “Mammals and Life Zones of Ore- 
gon,” while only one case occurred within the range 
of S. bachmani, which occupies the coastal area. 
At least 8 recent cases in Oregon have been due to 
contact with muskrats, Ondatra zibcthica , but in 
counties where cottontails were present. 

The cottontail, S. floridanus, appears to be the 
only wild rabbit present in Ohio, a State that has 
reported the second highest tularemia incidence, 
1109 cases according to Francis (1942), or 1,275 
cases according to Hicks (1942). Hicks states that 
in Ohio, “More than 95 percent of the human cases 
come from contact with rabbits . . The sea- 
sonal incidence of the disease in Ohio coincides 
with the open season on cottontails, the most im- 
portant game mammal in the State. 

The distribution of tularemia in Canada must 
also be reconsidered in relation to Sylvilagus . The 
range of these rabbits in Canada is very limited. 
It comprises about 10 percent of Alberta, Sas- 
katchewan, and Manitoba, and a separate area in 
Ontario and Quebec (Anderson, 1940). It also 
extends into a small area in southern British 
Columbia west of the Rocky Mountains according 
to Cowan and Hatter (1940). The cottontail is 
present in every State bordering Canada and its 
northern limit of distribution approximates the 
Canadian border. Data on tularemia in Canada 
were summarized by Jenkins (1939). The first 
case was reported in 1930. Up to 1939, Jenkins 
had records of 3S additional cases but stated, “My 
own belief is that the disease is much more common 
than our records would lead us to believe.” These 
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39 cases were distributed as follows: Nova Scotia 
2, Quebec 2, Ontario 15, Alberta 16, and British 
Columbia 4. This is a sharp contrast to a total of 
2475 cases reported by Francis (1942) for the nor- 
thern tier of States, Washington to Maine, or an 
average of over 190 cases per State. This contrast 
can hardly be attributed to population differences 
or to lack of diagnosis in Canada, but must be 
related to scarcity of the disease in nature and 
specifically to the absence of some reservoir hosts 
or hosts from which it is ordinarily contracted by 
man. Of the 39 cases reported by Jenkins, 37 
were from provinces where the cottontail rabbit is 
known to be present. Nova Scotia with 2 cases is 
the only province or territory in North America 
reporting infection in man but not known to have 
cottontails. 

An epidemic in cottontails at Kingston, Ontario, 
was studied by McLulich (1937). He did not es- 
tablish the presence of tularemia but states, “It 
was practically proven that the epidemic was not 
due to tularemia,” 

Five cases of tularemia were reported from On- 
tario in 1932 by Johns (1933). All of these came 
from the vicinity of London in southern Ontario 
which is within the limited range of the cottontail 
rabbit in that province. However, none of the five 
were definitely due to direct contact with rabbits. 
Three appeared to have been contracted from 
muskrats. 

Of tularemia in Alberta, Brown (1943) states: 
“Since 1938 the Alberta Rocky Mountain spotted 
fever survey has shown tularemia infection to be 
widespread in southern Alberta, south of township 
24, being particularly bad in the extreme south- 
eastern part of the province.” It is emphasized 
that the southeastern part of the province is the 
only part occupied by Sylvilagus according to dis- 
tribution maps available. 

It would be very desirable to restudy the Cana- 
dian cases of tularemia with respect to specific 
source of infection, and geographical locality and 
also to know the exact distribution of Sylvilagus in 
Canada. 

Alaska is entirely beyond the range of the cot- 
tontail rabbit and so far no definite human case has 
been reported for that territory. Philip (1939) 
reported a suspected case and recorded four isola- 
tions of P. tularensis from rabbit ticks from snow- 
shoe hares in Alaska. 

Although the range of Sylvilagus extends south- 
ward through Mexico and South America, no 


record of tularemia in Mexico or South America 
was given by Francis (1942). Mexico is listed by 
Jackson (1942) as one of the countries from which 
tularemia has been reported but he cites Top (1941) 
as the authority for the statement. It is evidently 
an error as reference to this publication does not 
verify the statement. More recently (1944) tula- 
remia has been reported in Mexico by Tovar. 
California, Arizona, New Mexico, and Texas which 
border Mexico have reported 246, 27, 68, and 384 
cases of tularemia, respectively, but a distribution 
map of cases by Schultze and Marr (1934) for 
Texas shows very few cases near the Mexican 
border. 

A comparative study of the virulence of strains 
of tularemia isolated from snowshoes, cottontails, 
and grouse was made by Green (1943). The stand- 
ard of measure of virulence was half-day survival 
of guinea pigs inoculated with freshly isolated 
strains. Data were analyzed mathematically and 
X 2 [chi] calculated. This analysis indicated that 
the observed differences were significant. The 
strains studied were virulent in the following order: 
from Sylvilagus most virulent, inoculated animals 
surviving 10 half days; from Lcpus amcricanus , 
moderate virulence, animals surviving 18 half days; 
and from grouse, Bonassa, least virulent, animals 
surviving 30 half days. The virulence for strains 
isolated from Lcpus amcricanus is similar to strains 
isolated from jack rabbits, Lcpus townsendii, by 
Philip, Jellison and Wilkens (1935). 

No tularemia data are available to separate the 
swamp rabbits and marsh rabbits, subgenus Tapcti 
of the genus Sylvilagus , from the true cottontails. 
All states occupied by the Tapcti group are also 
within the range of the cottontails. State reports 
do not distinguish them as a separate source of 
tularemia. Southern States within the ranges of 
both rabbits have reported a considerable amount 
of tularemia — Georgia, 610 cases; Alabama, 165 
cases; Mississippi, 100 cases; Louisiana, 483 cases. 
The subgenus Tapcti has a greater range in South 
America than the subgenus Sylvilagus, which occu- 
pies only a limited zrea. Tularemia has not been 
reported for South America and this may be due 
to scarcity of true cottontails. Little is known of 
the diseases or parasites of rabbits of the subgenus 
Tapcti . 

CONCLUSIONS 

1. In the epidemiology of tularemia the distinc- 
tion between rabbits, the order Lagomorpha, and 
rodents, the order Roden tia, should be recognized. 
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2. About 90 per cent of the human cases of tula- 
remia result from contact with rabbits. 

3. As the remaining 10 per cent must include 
cases contracted from rodents, sheep, game birds, 
miscellaneous mammals, as well as tick and deer- 
fly bites, it is obvious that less than 10 per cent of , 
the cases are the result of contact with true rodents. 

4. The importance of the rock rabbit, Ochotona , 
the volcano rabbit, Romcrolagus , the pigmy rabbit, 
BrachylagtiSj the arctic hare, Lcpus arciicits , and 
the domestic rabbit, Orycfolagus, as reservoirs or 
sources of human infection is negligible or un- 
known. 

5. The snowshoe, Lepus amcricanus , has been 
found infected in nature, but its importance as a 
source of human infection has been overem- 
phasized. 

6. The jack rabbits are known reservoirs and the 
source of a small percentage of human cases of 
tularemia. Their greatest importance may be 
indirect as a source of infection for ticks and deer- 
flies which later bite and infect man. 

7. In North America the cottontail rabbits, 
Sylvifagus spp., and in particular S.floridanus , are 
the direct source of over 70 per cent of all human 
cases of tularemia. Of the 14,000 total cases re- 
ported, less than 40, or 0.3 per cent, occurred 
beyond the known range of Sylvilagus . 
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The experience with some newer medicaments 
in the treatment of Madura Foot may be of impor- 
tance for the patients suffering from this disease. 
The advice, given in all latest editions of textbooks 
about the therapy of Ala dura foot, namely ampu- 
tation, was a stimulation for the author to investi- 
gate first the influence of three newer drugs before 
pronouncing that sentence. 

The patient W. T. a sturdy colored man, 53 
years of age, farm-laborer in a village in Louisiana, 
was admitted to the Charity Hospital, New Or- 
leans, on January’ 3, 1944. His chief complaint 
was swelling of the left foot with occasionally’ mod- 
erate pain. In 1942 he noted a swelling in the sole 
of the left foot. This swelling grew larger and was 
soon followed by* the appearance of openings cov- 
ered with crusts. The patient had never been sick 
before. He often stood barefooted in water, dig- 
ging ditches for irrigating purposes. The family’ 
history was irrelevant. Upon physical examina- 
tion no pathological findings were observed, except 
in the left foot. The swollen area was covered 
with numerous crusts closing the sinustracts and 
surrounded by a very’ dark pigmentation (fig, 1). 
On removing a crust, a purulent fluid containing 
small yellowish granules came out. In this case, 
thanks'toThe examinations by r Dr. Edward Burns, 
pathologist, and his assistant Air. J. Brueck, an 
Actinomyces was cultured from the yellow gran- 
ules found in the pus of the sinustracts. The 
organism appeared to be Actinomyces astcroidcs 
(Eppinger-Gasperini), an anaerobic organism dis 
covered in 1894 and found in a case of Aladura 
Foot by Castellani (1). Urine and blood of the 
patient showed no pathological findings. Kline 
and Kolmer tests were negative. The Roentgen- 
photo of the left foot shows decalcification of the 
bones with small punched out areas at the bases of 
the 3rd and 4th metatarsal bones and at the distal 
end of the 4th metatarsal bone. In reports of 
nearly’ all the cases of Aladura Foot, the author 
has found a history of walking barefoot, also in 
patients of higher social standing sometimes during 
fishing trips. 


A few words about the etiologic agents may’ be 
added because the commonest cause of Aladura 
Foot in the United States is not an Actinomyces. 
As early’ as 1913, Pinoy r , of the Institut Pasteur in 
Paris, discovered that this disease may’ be caused 
by’ two groups of organisms, an Actinomyces group 
and a true fungus group. Today’ we know that the 
etiologic agent may’ be one of 13 species of Acti- 
nomyces or one of 19 species of true fungi. The 
true fungi belong to two classes and eight genera. 
The striking similarity’ of the clinical picture indi- 
cates that there must be a common denominator, 
e.g, the production of a toxin of the same chemical 
structure or at least toxins producing the same 
pathological effects in the tissues. The symony’m 
Mycetoma, given by’ Carter in 1860 for Aladura 
Foot whose clinical picture was already’ described 
in 1842 by Gill in Aladura (India), should not be 
forgotten because tins disease may’ develop rarely’ 
on the hands or knees. The usual cause of Aladura 
Foot in the United States is a true fungus, the 
Monosporium apiospennum . In 1931 only’ two 
cases of Actinomyces Aladura Foot were collected 
by’ Jones and Alden (2). Of the seven cases of 
Aladura Foot in the United States which have been 
published since 1931, only’ one was considered by’ 
Dixon (3), to have been caused by r an Actinomyces, 
but this was not proven by’ cultures which are abso- 
lutely’ necessary’ in order to make that diagnosis. 
Aloreover, claims of success with a therapy’ in this 
disease requires cultures. Gellman et al. (4), 
Brindley’ et al. (5) and Feinberg (6) described cases 
where Monosporium apiospennum was cultured. 
Fcinbcrg’s patient had never travelled bey’ond the 
limits of the United States and Canada. The 
patient, herein reported, living in Louisiana, had 
never traveled farther than Texas. It is probably 
the third case of Ac/iuom’ccs-AIadura Foot, 
proven by r cultures, in the United States. 

The therapy’ consisted in treatments first with 
penicillin, later with sodium propionate and still 
later with sulfadiazine. 

Penicillin was given in large doses over a period 
of four weeks. The patient received during this 
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Madura Foot-species of Actinomyces are so resist- 
ant to iodides that this therapy lias always been 
followed by amputation. 

Sulfonamides were tried by the writer as an 
ultimum refugium, before delivering the patient to 
the surgeon. The intention was to give it in large 



period 1,050,000 Units. The Actinomyces grew 
just as rapidly as if saline had been injected. 

Because sodium propionate, according to Keeny 
(7), inhibits the growth of several pathogenic true 
fungi and some species of Actinomyces (e.g. Acti- 
nomyces bovis), it was tried in this case of Madura 


Fig. 1. Before Treytmknt 



Fig. 2. After Treatment 

Foot. Dressings of 20 per cent sodium propionate 
were prescribed and isotonic solutions of the drug 
were injected in the sinus-tracts. The Actinomy- 
ces grew just as well with or without sodium pro- 
pionate. 

Iodides were not given by the writer, although 
he remembers the enthusiastic reception of the 
iodide therapy for actinomycosis, as the veteri- 
narian Dekhuizen in Utrecht demonstrated the 
more rapid recoveries of cervico -facial actinomy- 
cosis with this drug in man and cattle. The 


amounts and for a long period, under severe con- 
trol. The disease of Nicolas-Favre had taught us 
the importance of sulfonamide-dosages. The 
writer could not find in the literature the descrip- 
tion of a case of A ctinomyccs-Madura Foot, proven 
by cull iocs, which was clinically cured by sulfona- 
mides. This was confirmed by several specialists 
in the field of subtropical and tropical diseases 
(McCoy, Napier, Faust). Temporary improve- 
ments, but no clinical cure, were observed from 
sulfonamides in other parts of the body which were 
infected with Actinomyces (Poulton, Walker, 
McCharles, Kippen, Miller and Fell). Cases of 
lung-actinomycosis which showed sucli temporary 
improvements, have been described recently by 
Benbow et al. (10). Lung-actinomycosis is caused 
in 90 per cent by Actinomyces bovis and in nearly 
10 per cent by an aerobic /Ic/b/owyccs-species, 
called Nocmdia. Different species of Actinomyces 
probably show different resistance against sulfona- 
mides. However the writer would advise treating 
all species with higher doses of the drug and over 
longer periods. 

This case of Madura Foot was given sulfadiazine 
in doses which kept the blood-level during the day- 
time at 8 mgm. per cent, e.g. 1 gram every 4 hours 
during the daytime with a double dose of sodium 
bicarbonate and two liters of water every day. 
The drug was given over a period of three weeks 
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and the patient was kept under careful observation. 
The urine was examined every day and the blood 
twice a week. The drug was tolerated very well. 
The blood-levels during the daytime were always 
about 8 mgm. per cent. The slight fever, which 
the patient had continuously during the treatments 
with penicillin and sodium propionate, disappeared 
completely after one week of sulfadiazine-adminis- 
tration. This sign of becoming fever-free after one 
week of sulfonamide-administration may be of 
importance for^the prognosis. The first culture 
after the three-weeks’ treatment was negative. It 
was taken from the open sinus-tracts whose number 
was more than 25, A second culture, a few days 
later, revealed a slow growth. There was appar- 
ently present a fungistatic action of the sulfadiazine. 
Therefore, the writer wanted to begin with a second 
course of the sulfa drug, but the patient felt so 
much better after disappearance of the fever and 
pain, the moderate decrease of the swelling of the 
foot that he wished to go home. The author pre- 
scribed, for use at home, small doses of the less 
toxic methyl-sulfadiazine (sulfamerizine) with all 
of the already mentioned precautions, as far as 
possible, but it was not taken, pecuniae causa. 
For the same reason he did not return from his 
small town in the North of Louisiana until the 
writer asked him urgently in a letter to return, in 
order to check the results. This was about half a 
year after his discharge. 

At this time it was striking to see a foot of normal 
size as compared with the other foot. No sinus- 
tracts were left. A culture from its contents was 
for that reason impossible. The patient not only 
walked, w'hich was impossible for more than one 
year but again did all his w r ork. Several clinicians 
who had seen the foot before, agreed that this might 
be called a “clinical cure.” (Compare fig. 1 with 
fig. 2). The term “clinical cure” has to be under- 
stood as it is in a case of a so-called clinical cure of 
lung-tuberculosis. This accepted terminology does 
not exclude that sometimes in old calcified tubercu- 
lous lesions of the lungs living tubercle bacilli may 
be found b 3 r animal inoculation, if the patient dies 
from other causes than tuberculosis. Only the 
future can answer the question if a similar phe- 
nomenon may be expected in clinically cured cases 
of Madura Foot, 

The statements of Strong (2) and Manson-Bahr 
(3) in the latest editions of their textbooks of tropi- 
cal diseases, namely that the only effective treat- 
ment of Madura Foot is amputation, apparently 
no longer hold true. Probably the fungistatic 


action of the sulfonamides is a sufficient support to 
aid Nature in her attempt to cure this infection. 
This is analogous to the results of the well-known 
bacteriostatic action of these drugs. 

SUMMARY 

A third or perhaps fourth case of Madura Foot, 
caused by a species of Actinomyces , is described in 
a man who never left the United States. It is 
about the fortieth case of Madura Foot if cases 
caused by true fungi are included. A great num- 
ber are probably never recognized but are treated 
as chronic osteomyelitis, sarcoma tuberculosis or 
syphilis. The writer knows three such cases, 
where the diagnosis was made following amputa- 
tion. Treatment with penicillin and sodium pro- 
pionate had no effect whatsoever, but sulfadiazine 
showed a fungistatic action, beginning with the 
disappearance of the fever arid developing into a 
clinical cure. 

The author’s conclusion is that, from now' on, 
every case of Actinomyces Madura Foot should be 
treated with doses of sulfonamides, sufficient to 
produce blood-levels of about 8 mgm. per cent, 
during at least three weeks and, if necessary, with 
repeated courses of this therapy. Advice to am- 
putate the member should never be given before 
this is seriously tried. Because of the great simi- 
larity of the clinical picture of the cases of Madura 
Foot caused by Actinomyces and those caused by 
true fungi, the benefit of a trial wdth all the pre- 
cautions mentioned above, should be given to every 
patient suffering from Madura Foot. 

P.S. In July 1945 the old-patient came, on 
my request, in my office for controle. It was 
more than one year after his discharge. The foot 
showed a complete clinical cure. The man does 
all his heavy w r ork as before the disease, 
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The diagnosis of Schistosoma mansoni infection 
is, of necessity, based on the demonstration of the 
characteristic lateral spined eggs in the feces. The 
demonstration of these eggs involves problems not 
encountered in the isolation of the eggs of the 
majority of the intraluminal intestinal helminth 
parasites of man. At certain stages in intestinal 
schistosomiasis relatively few eggs are passed and 
concentration techniques are therefore necessary 
^ for their isolation. As schistosome eggs do not 
float in concentrated saline solutions, the com- 
monly used brine concentration methods are not 
applicable. In formed stools, schistosome eggs 
are most numerous in the mucous layer on the sur- 
face of the stool, and may be absent in the center 
of the fecal mass (Khalil and Salah el Din, 1930). 
Recognition of these differences has led to the de- 
velopment of specialized isolation techniques. 
Certain of these, such as the hatching technique of 
Fullebom (1921) and the rectal swab method of 
Khalil and Salah el Din have proven to be efficient 
diagnostic procedures for the investigation of small 
groups of patients, but are not readily adaptable to 
routine use in large scale studies. Scott (1937) 
reviewed the various methods utilized in field sur- 
veys for the isolation of the eggs of 5. mansoni and 
I* stated that “there is still a need for some new pro- 
■fc cedure applicable to field conditions which will give 
high degree of accuracy in the estimation of inci- 
dence at low cost.” 

The present paper is a report of studies carried 
out in an attempt to evaluate and compare the 
effectiveness of the add-ether centrifugation and 
the zinc sulfate flotation techniques in the isolation 
of schistosome eggs. The primary purpose of the 
study was to evaluate an add-ether centrifu- 
gation technique which was adopted by our labora- 
tory at the suggestion of the late Dr. W. A. Hoff- 
man of the School of Tropical Medicine, San Juan, 
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Puerto Rico. It was applied during a survey of a 
large group of Selective Service registrants and 
appeared to be a rapid and simple means of concen- 
trating schistosome eggs. 

The add-ether centrifugation method was intro- 
duced by Telemann in 1908, who emulsified fecal 
material in equal parts of ether and hydrochloric 
add. Shortly thereafter, Pfister (1909) found the" 
Telemann technique to be useful for the concentra- 
tion of schistosome eggs and included it as a routine 
procedure in the examination of suspected cases of 
schistosomiasis. Fullebom (1921) also recoin- i 
mended the add-ether method, but used a 50% 
concentration of hydrochloric acid. More recently 
the original acid-ether method has been modified 
by the substitution of other adds, such as gladal 
acetic add (De Rivas, 1928). Faust et al. (1938) 
(1939) introduced zinc sulfate solution of a specific 
gravity of 1.180 as an agent that would float hel- 
minth eggs and protozoan cysts without causing 
distortion, Although it has been stated that this 
technique is satisfactory for the recovery of schisto- 
some eggs, no detailed report of its effectiveness 
can be found in literature. 

MATERIALS AND METHODS 

The material studied was obtained from Puerto 
Rican Selective Service registrants who, in the 
course of routine fecal examination, had been found 
to have schistosomiasis. Because the egg output 
was low in most of these individuals, a stool speci- 
men was collected from the occasional registrant 
found to be passing relatively large numbers of 
eggs. The spedmens were collected in one-half 
pint Mason jars and placed in a refrigerator (5°C.) 
within two to four hours after collection. The 
majority were examined within 24 hours of receipt, 
but an occasional specimen remained in the refrig- 
erator for 5 days before being studied; a record was 
kept of the time elapsing before examination. 
Each specimen studied was obtained from a differ- 
ent individual. 

In brief, the procedure consisted of preparing a 
uniform suspension (termed the basic suspension) 
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of each specimen of feces. The number of eggs 
per cc. in the basic suspension was established by 
the Stoll egg-counting technique, and then the 
number of eggs recovered from the suspension by 
each of four methods of concentration was deter- 
mined. The following procedure was employed in 
the examination of all coverslip preparations. The 
schistosome eggs in each preparation were counted 
by two observers who systematically surveyed the 
whole area of the coverslip with the aid of a me- 
chanical stage, using a magnification of 100 X. 
Records were kept of the appearance of. the ova. 
All coverslips were ringed with vaseline before use 
to prevent escape of eggs. 

1) Preparation of basic suspension : The stool 
specimen was stirred with a spatula. A 20 gm. 
portion was transferred to an evaporating dish and 
20 cc. of 0.85% NaCi solution were added. The 
mixture was thoroughly emulsified by stirring until 
it ‘appeared homogeneous. It was further stirred 
before each sample was withdrawn. The desired 
amount to be tested was transferred using a 10 cc. 
pipette. Although the basic suspension approxi- 
mated a 50% concentration of the original fecal 
specimen by weight it was arbitrarily considered to 
represent a 50% suspension by volume and all egg 
counts were expressed in terms of eggs per cc. of the 
original specimen. 

2) Determination of number of schistosome eggs 
per cubic centimeter of basic suspension: The dis- 
placement dilution egg counting technique of Stoll 
and'Hausheer (1926) was employed with the follow- 
ing modification. Twice the usual volume of fecal 
material was employed, so that 52 cc. of N/10 
NaOH were pipetted into the egg count flask and 
basic suspension was then added to the precali- 
brated 60 cc. mark. After shaking, three 0.075 cc. 
samples were withdrawn with a Stoll pipette ; each 
sample was placed on a 22 x 40 mm. coverslip, a 
2x3 inch slide superimposed and examined by two 
observers. The six counts were averaged, and the 
result multiplied by 200 to express the result in 
terms of eggs per cc. of feces. 

3) Acid-ether “ routine ” technique: This method 
differed from the survey technique used in the 
laboratory only in the manner of selection of the 
fe( al sample to be tested. In survey work, a pea- 
sized fragment of feces was emulsified in 5 cc. of 
40% HC1 (40 cc. cone. HC1 diluted to 100 cc.), 
while in the present study one cc. of the basic sus- 
pension was pipetted into a 15 cc. centrifuge tube, 

5 cc. of 40% HC1 were added, and the material was 


mixed by shaking. The material was filtered 
through two layers of moist gauze stretched over 
the top of a 50 mm. funnel into a second tube. (In 
this step, and in the techniques described below, 
the filter was composed of two three inch squares of 
Bay's (Parke Davis and Co.) type VII, 20-12 grade 
gauze.) An equal quantity of ether was added, 
the tube was stoppered with a gloved thumb and 
shaken thoroughly. It was then spun in a hori- 
zontal centrifuge for one minute at 1500 R.P.M. 
Upon removal from the centrifuge, the debris float- 
ing at the acid-ether junction was loosened by 
ringing with a clean applicator stick, and the acid 
and ether layers were rapidly poured off and dis- 
carded. The same applicator stick was used to 
stir up the sediment in the few drops of fluid re- 
maining. The sediment was decanted onto a slide, 
and a ringed 22 x 22 mm. coverslip applied. The 
counts of the two observers were averaged and the 
result multiplied by two. 

4) Zinc sulfate flotation with loop removal: The 
method used was essentially as outlined by Faust 
et al. (1939). One cc. of the basic suspension was 
pipetted into a Wassermann tube; 6 cc. of tap water 
were added and the contents thoroughly mixed. 
The material was filtered (as described above) into 
a second Wassermann tube. Tap water was added 
until the fluid level was within one centimeter of 
the top of the tube, the contents were mixed and 
the tube spun in a horizontal centrifuge for 45 
seconds at 2640 R.P.M., after which the superna- 
tant was poured off and discarded. Tap water was 
again added and the process repeated; the washing 
procedure was always carried out three times, and 
occasionally as many as five times. One cc. of 
zinc sulfate solution of a specific gravity of 1.180 
was added and mixed with the sediment by shak- 
ing. Additional ZnSOi solution was added to 
within 0.3 cm. of the top of the tube and the tube 
recentrifuged for 45 seconds at 2640 R.P .M. 
Three, and occasionally four, loopfuls of the ma- 
terial floating on the surface were then transferred 
to a 22 mm. square coverslip using a 5 mm. bac- 
teriological loop. Each loopful was picked up by 
inserting the loop vertically near the side of the 
tube and then picking up a portion of the film as 
described by Faust and his co-workers. A slide 
was superimposed on the coverslip. The two 
counts were averaged and multiplied by two. 

5) Acid-ether semiquantiialivc technque: One cc. 
of basic suspension was pipetted into a centrifuge 
tube and 5 cc. of 40% HC1 added; the emulsified 
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material was then handled as described under the 
acid-ether “routine” technique through the cen- 
trigugation step. Following centrifugation, the 
ether layer, the debris floating on the acid layer, 
and part of the add layer were successively with- 
drawn by the introduction of a pipette attached to 
a water suction pump. The add layer was re- 
moved until the meniscus was at a previously cali- 
brated one cc. mark. The sediment was then 
mixed with the fluid remaining, and three 0.075 cc. 
samples were withdrawn with a Stoll pipette. Each 
sample was placed on a ringed 22 x 40 mm. cover- 
slip, a 2 x 3 inch slide superimposed and examined 
by two observers. The results of the six counts 
were averaged, and this figure was multiplied by 
26.7 to express the answer in terms of ova per cc. of 
undiluted feces. 

6) Zinc sulfate semiquantiiative technique : The 
method used was similar to that described by 
Palmer (1941) and Sawitz (1942). One cc. of basic 
suspension was pipetted into a Wassermann tube, 
the rim of which had been ground flat. It was 
filtered and washed as described in the section on 
zinc sulfate flotation with loop removal. The final 
addition of ZnS 04 solution (sp. gr. 1.180) was made 
so that the meniscus was level with the top of the 
tube. A 22 x 22 mm. coverslip was placed on the 
top of the tube and the tube was centrifuged for 45 
seconds at 2640 R.P.M. The coverslip was re- 
moved with a sharp upward lift, inverted, and a 
slide superimposed. The fluid in the tube was 
again brought to the top by the addition of 2 to 3 
drops of ZnSCU solution, a coverslip applied, and 
the process repeated. A third preparation was 
made in the same manner. The two counts on 
each preparation were averaged, the average counts 
for the three coverslips were added, and the result 
multiplied by two. The number of eggs remaining 
in the sediment was next determined. The zinc 
sulfate solution was withdrawn to a previously 
calibrated two cc. mark by the gradual introduction 
of a capillary pipette attached to a water suction 
pump. The sediment was thoroughly mixed with 
the fluid remaining. A 0.075 cc. drop was then 
placed on each of two 22 x 40 mm. ringed cover- 
slips, using a Stoll pipette. The four counts were 
averaged, and the result multiplied by 53.3. 

RESULTS 

Forty-six specimens were examined by each of 
the techniques outlined above. The results are 
summarized in table 1. Twenty-five of the speci- 


mens were found td contain more than 400 eggs per 
cc. by the Stoll count; calculations of the percent- 
age recovery of available eggs were limited to this 
group. 

All 46 specimens were positive by the add-ether 
routine technique. In the group of 25 specimens 
containing more than 400 eggs per cc., this method 
gave an average recovery of 20.6% of the available 
eggs with the percentage of recovery in individual 
specimens varying from 8% to 42% (see fig. 1). 
The zinc sulfate loop removal technique recovered 
schistosome eggs from 35 of the 46 specimens. In 
the group of 25 specimens loop removal gave an 
average recovery of 4.6% of the available eggs with 
variation in individual specimens from 0% to 24%. 
On the basis of total number of eggs recovered, the 
add-ether diagnostic method was superior in 41 
specimens, the zinc sulfate. technique in 4 sped- 
mens, and the two methods recovered an equal 
number of eggs from one specimen. 

The add-ether semlquantitative technique re- 
covered schistosome eggs from 44 of the 46 speci- 
mens. In the group of 25 spedmens, the percent- 
age recovery of available eggs varied from 9% to 
105%, with an average percentage of recovery of 
. 48.2%. The zinc sulfate semiquantitative tech- 
nique recovered eggs from 43 of the 46 spedmens. 
In the group of 25 specimens, the recovery of 
available eggs varied from, 0.2% to 72%, with an 
average percentage of recovery of 22.2%. Eggs 
were recovered from the sediment remaining in the 
zinc sulfate tube in 41 of 45 spedmens. In 33 of 
these, the calculated number of eggs present in the 
sediment was greater than the number recovered 
on the superimposed coverslips. The percentage 
of available eggs remaining in the sediment was 
calculated for 24 spedmens; the average for the 
group was 39% with a variation in individual 
spedmens from 5% to 106%. 

The eggs recovered by the add-ethcr techniques 
were not distorted. In many, but not in all, of the 
zinc sulfate preparations, the schistosome eggs 
showed varying degrees of shrinkage and distortion, 
although they were still recognizable by the experi- 
enced technician. Empty egg shells were present 
in small numbers in both the acid-ether and zinc 
sulfate preparations. No correlation was noted 
between the appearance or the eflidcncy of recov- 
ery of the eggs and the length of time the specimen 
was refrigerated before being examined. The 
majority of the acid-ether preparations contained 
less extraneous fecal debris than the zinc sulfate 


TABLE 1 

Summary of Counts of Schistosome Ova Recovered by the Acid-Ether and Zinc Suflate Techniques and of the Percentage of Recovery of Available Eggs' 
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AE-S ZN-S AE-R ZN-R 

Method 

Fig. 1. Summary of recovery of schistosome ova from each of twenty-five specimens examined by the four 
different techniques. 


preparations and could be examined in a shorter 
period of time. 

DISCUSSION 

In the present study, the routine acid-ether 
technique was found to be more effective in recov- 
ering schistosome eggs than was its zinc sulfate 
diagnostic counterpart. The semiquantitative 
modification of each technique was employed in an 
attempt to obtain information as to the relative 
efficiency of the two principles of concentration 
under conditions such as might be encountered in 
the course of routine survey or diagnostic work. 
In all probability, the yield of schistosome eggs in 
the zinc sulfate semiquantitative method would 
have been proportionately greater if a smaller 
volume of feces had been used, if the sediment had 


been stirred between centrifugations, and if more 
than three coverslips had been employed. How- 
ever, certain specimens known to contain many 
eggs gave a poor yield on zinc sulfate flotation and 
no explanation could be discovered. It was 
thought that the poor yield might be due to the 
presence of degenerating eggs; therefore, a portion 
of the basic suspension of specimen #12 (which 
gave the lowest percentage of recovery) was sedi- 
mented in normal saline, but over 90% of the eggs 
appeared normal and showed active flame cell 
movement. 

The percentage of recovery of available eggs in 
the scries studied by the semiquantitative add- 
ether method varied over a wade range, although 
the average recovery was 46%. While a few eggs 
were probably lost in the straining step (Otto et al. 
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1941) the variability of recovery indicated that 
eggs were being lost elsewhere. Examination of 
tire debris floating at the acid-ether function 
showed that it contained eggs which were mechani- 
cally entrapped b} r the densely packed vegetable 
material. This finding suggested that the addition 
of a detergent or wetting agent might decrease the 
adhesive forces holding the eggs in the debris to a 
point where they would sediment during the 
centrifugation step. Preliminary tests indicate 
that such is the case; the results wall be reported in 
a future communication. 

The need for a concentration technique in the 
search for the eggs of S . viansoni has been stressed 
by many workers. In Puerto Rico, Pons (1937) 
and Koppisch (1941) (1943) have emphasized the 
difficulty that may be encountered in finding eggs 
in advanced cases of schistosomiasis. The detec- 
tion of light infections during surveys, while of 
epidemiological importance, offers similar difficul- 
ties. In the course of the survey carried out in 
this laboratory (Weller and Dammin, 1944) records 
were kept of the number of schistosome eggs 
recovered by the routine acid-ether technique in 
1841 consecutive positive speciments; in 27% a 
single egg was recovered and 68% of the prepara- 
tions contained a maximum of four eggs. 

Sedimentation in normal saline is frequently used 
as a method of concentration. Yet, as noted by 
Hoffman et al. (1934), Scott (1937) and in this 
laboratory, certain types of feces do not sediment, 
but tend to flocculate, and in such stools sedimen- 
tation methods may fail to demonstrate eggs even 
though they are plentiful. In Egypt, Scott in the 
course of survey work found that sedimentation 
detected approximately as many positives as did 
the counting of three egg count slides made by the 
Stoll small drop technique, and that either method 
alone would detect about 85% of the positives de- 
tected by both methods together. Theoretically, 
the use of three small drop egg count slides will not 
regularly detect eggs when fewer than 67 per cc. 
of feces are present. From the data obtained 
in the present stud}" it would appear that the add- 
ether method might demonstrate concentrations of 
schistosome eggs that would be missed by three 
Stoll small drop egg count slides. It also recovers 
eggs from stools that flocculate when sedimented in 
saline or w*ater. 

The advantages of the add-ether technique as to 
rapidity and simplidty of performance are appar- 
ent. Other helminth eggs and Strongyloides 
larvae appeared to be concentrated by the add- 


ether technique as efficiently as were schistosome 
eggs, although no counts were done. The acid- 
ether method has certain inherent disadvantages. 
No separation can be made between live and dead 
eggs. At present, it does not permit an accurate 
estimate to be made of the number of eggs being 
passed. The relatively small amount of fecal 
material examined is a disadvantage, but is one 
that could be partly overcome by the selection of 
material from the surface of formed stools. Be- 
cause of these disadvantages it is doubtful if the 
add-ether method would equal in effidency such 
spedalized diagnostic techniques as the hatching 
method (Fiilleborn, 1921) or the rectal swab 
method (Khalil and Salah el Din, 1930). 

SUMMARY AND CONCLUSIONS 

A uniform suspension was prepared from each of 
46 fecal spedmens selected because they were 
knowm to contain relatively large numbers of eggs 
of Schislosomc marisoni . The number of eggs per 
cc. in each suspension w y as then determined by the 
Stoll dilution egg counting technique. The sus- 
pensions were examined by the routine diagnostic 
modification and also a semiquantitative modifi- 
cation of the acid-ether centrifugation technique 
and the zinc sulfate flotation technique and counts 
were made of the eggs recovered by the four meth- 
ods. For twenty-five specimens found to contain 
over 400 eggs per cc., the results of the counts 
obtained by the various techniques were expressed 
in terms of the percentage of the available eggs 
that were actually recovered. 

The add-ether technique was found to be supe- 
rior to the zinc sulfate flotation technique as a 
routine method for the isolation of schistosome 
eggs, recovering a greater number of eggs from 41 
of the 46 spedmens. In the group of 25 spedmens, 
the add-ether routine method gave an average 
percentage of 20.6% -while the zinc sulfate counter- 
part gave an average of 4.6%. The semiquantita- 
tive modification of the add-ether technique gave 
an average recovery of 48.2% while the zinc sulfate 
semiquantitative method gave an average recovery 
of 22.2%. The add-ether preparations showed 
no distortion of the eggs, and usually contained 
less extraneous fecal debris than did the zinc 
sulfate preparations. 

Although the add-ether technique has inherent 
disadvantages the simplidty and efficiency of the 
method are such that it would appear to deserve 
further investigation as a routine diagnostic and 
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survey procedure for the recovery of the eggs of 

Schistosoma mansoni . 4 
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COMPARATIVE STUDIES ON ENTEROZOIC PARASITE OVA AND CYSTS 
CONCENTRATING PROCEDURES 

Royal L. Brown 1 


During the past 7 years the author has collected 
and studied from several hospitals and other 
sources stools known to be contaminated with 
enterozoic parasite cysts and ova. Initially 
several concentrating procedures were compared 
but subsequently only ZnS04 and de Rivas as the 
most efficient methods were used. The compara- 
tive results follow. 

TABLE 1 


Comparative Efficiency of Concentrating Procedures 


SPECIES 

DE EIVAS 

ZnSO* 

Cysts 



Dientamocba fragilis 

-1 

2 

Endamocba coli 

SO 

32 

Endamoeba histolytica 

1 

5 

Endolimax nana 


4 

Iodoamoeba bulschlii 

1 

5 

Chihmaslix mesnili 

-1 

3 

Giardia lamblia 

25 

9 

Relortomonas intestinalis 

-1 

1 

Ova 



Diphyllobothrium latum 

15 

8 

Dipylidium caninum 

6 1 

6 

Taenia saginata 

1 

4 

A scans lumbricoidcs 

24 

1 21 

Ancylostoma duodenale 

25 

16 

Enter obius vcrmicularis 

-1 

3 

Nccator amcricanns 

20 

IS 

Tricliuris trichiuris 

75 

55 

Fasciolopsis buski 

12 

9 

Schistosoma mansoni 

4 

4 

Schistosoma japonicum 

10 

7 


Interpolated on basis of saline slide as unity. 

— 1 indicates that the procedure was less efficient 
than the control saline film. 


MATERIAL AND TECHNIQUE 

Recent stools were electrically mixed with a 
physiological saline (NaCl or Ringer’s) solution 
until diluted adequately to filter through two 
layers of gauze; these filtrates, frequently agitated, 
were examined as a plain control film, and as 
ZnS04 and as de Rivas concentrate films for 
comparative results. 

1 Captain, M.C., U.S.A. 


The control film was made by mixing in 1:1 
ratios this filtrate and physiological saline. The 
cysts or ova under study were then counted per 30 
microscopic fields (high dry for cysts, and low for 
ova) (see table 1). 

The de Rivas centrifugation film was made by 
mixing 5 cc. of the filtrate with 30 cc. 2 of 5% acetic 
acid, this was again filtered, and an equal volume 
of ether added to the filtrate. This was shaken 
until it jelled, 3 then centrifuged forcibly for 10-15 
minutes. The 3 upper layers (see de Rivas) were 
decanted leaving 2-4 drops of centrifuged sedi- 
ment. Two drops of this were pipetted to a slide 
and the ova or cysts counted as previously. 

The ZnS04 centrifugal flotation film was pre- 
pared by mixing five cc. of the same agitated fil- 
trate with 60 cc. 2 of tap water, filtered, centrifuged 
at approximately 2,600 R.P.M., and then super- 
natant fluid decanted. This washing procedure 
was repeated until the supernatant fluid was 
dear. The washed sediment was then mixed with 
ZnS 04 of 1.180 specific gravity and centrifuged. 
Two drops of the surface film containing the ov- 
and cysts were then pipetted to a slide for examina- 
tion. 

RESULTS 

The results are presented in table 1. These 
comparative figures are multiples of the saline film 
which was interpolated to unity. Endamocbn 
coli } for example averaged 1 cyst per 4 high dry 
fields in the saline film, 20 per h.p. fields with dc 
Rivas, 8 with ZnSQi. The study included 1-3 
stools for each represented parasite, and 30 micro- 
scopic fields on each film. 

EVALUATION 

Spedfic: Both techniques concentrated cysts 
of Endamocba coli and Giardia la??iblia very well; 
approximating, apparently, 100% efficiency 
(Faust). Other cysts were better concentrated 
hy the ZnS 04 procedure (table 1). 

2 In some preparations indicated quantities were pro- 
portionately reduced. 

* If the mixture docs not jell, thorough shaking is 
indicated. 
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Some ova likewise were more plentiful on the de 
Rivas film (Table 1). The greater adequacy of 
collecting the concentrated ova was probably 
responsible for this increased efficiency in the de 
Rivas procedure. Diphyllobothrium of the Platy- 
helminthes and Enterobius of the Nematyhel- 
minthes were apparent exceptions. 4 Usually ova 
of Diphyllobothrium latum, Ascaris lumbricoides , 
Ancylostoma duodenale , and Necator americanus 
were plentiful enough to be diagnosed without 
concentrating. 

General: The disadvantages of the de Rivas 
procedure was that it was selective, concentrating 
poorly or not at all several cysts and ova (table 1) ; 
and that it produced some cytological distortion. 5 

The advantages were that it was a rapid pro- 
cedure and concentrated some cysts and ova (table 
1) to 2-4 drops of sediment. 

The advantages of the ZnSCU procedure was 
that it was much less selective, concentrating more 
nearly uniformly all cysts and ova, and that it 
produced a minimum of distortion. 

The disadvantages were that it required more 
time in the washing process. Furthermore the 
total film concentrate was more difficult to transfer 
to a microslide than was the centrifuged sediment 
of the de Rivas procedure. 

Both procedures may be inadequate for identify- 
W some cysts, and therefore should be supple- 
mented 'by stained slides (Brown 1944). 

A Enterobiasis is much more effectively diagnosed by 
perianal scrapings. 

6 Some of this can be prevented by using Schaudinn’s 
fixative instead of 5% acetic acid. 


As a routine diagnostic procedure for all ova and 
cysts, ZnS 04 proved to be the preferred film. 
For concentrating appropriate ova and cysts for 
class room or laboratory stock the de Rivas pro- 
cedure was unexcelled; likewise it was preferred 
when following a patient under treatment for 
helminth parasites. 

SUMMARY 

1. Concentrating procedures add nothing to 
specific identification but do increase survey 
incidence. 

2. ZNSO4 centrifugal flotation concentration 
is preferred for routine stool examinations. 

3. De Rivas centrifugation concentration is 
preferred for selected reneat exnm.bAtinns and 
preserved stocks. 
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BOOK REVIEWS 


A Manual of Tropical Medicine. By Thomas T. 
Mackie, Colonel, M.C., A.U.S., George W. 
Hunter, Major, M.C., A.U.S., and C. Bropke 
Worth, Captain, M.C., A.U.S. Illustrated. Pp. 
i-.xix, 1-727. \V. B. Saunders Co., Philadelphia, Pa., 
1945. 

In these days, when almost even' month a new work 
appears upon Tropical Medicine, one naturally inquires 
into the reason for the appearance of any new work on 
the subject which is already covered by many excellent 
treatises of recent date. The authors believe that there 
is need for a concise work upon the subject and the 
Surgeon General of the Army, Major General Norman 
T. Kirk states in his “Foreword” “That there has long 
been need for a concise treatise in this field. While a 
large body of authoritative information exists in text- 
books, the place for a convenient manual of tropical 
diseases has not been filled.” The reviewer, after 
carefully reading most of this book, agrees that it does 
fill the need for such a treatise and congratulates the 
authors upon the production of a work that should fill 
the needs of medical students and practicing physicians 
as well as of physicians serving in the Army, Navy 
and Marine Corps. The descriptions of the various 
infections and diseases arc at once brief and accurate 
and sufficiently detailed for diagnostic purposes while 
the illustrations axe many and excellent. The book 
contains much recent material that is not contained in 
some of the more recent texts upon tropical medicine 
and for this reason is most valuable. 

In reading this work it should be remembered that 
it is not intended to be a complete scientific considera- 
tion of the subject, as, for instance, the splendid work 
of Stitt and Strong, so that many facts regarding the 
various phases of the subject are not mentioned because 
of the desire to present a work which would embody 
in as small a space as is possible all of the really essen- 


tial data, a desire which has been achieved by the 
authors. However, one does miss at least a sentence 
or two upon some of the more rare conditions, as 
“BulHs fever” for example, which is now apparently 
proven to be a distinct infection, but which is not even 
mentioned by name in this book. This is the more 
surprising as the infection was first differentiated by 
officers of the Medical Corps of our army. 

The book is beautifully printed and illustrated and 
may be cordially recommended as an excellent manual 
upon tropical medicine. 

Chas. F. Craig. 

Penicillin Therapy , Including Tyrol hricin and Other 
Therapy . By John A. Kolmer, M.D., etc. Pages 
11-302. New York, D. Appleton Century Com- 
pany, 1945. 

This is a timely review of the rapidly expanding 
literature on Penicillin and allied substances. 

Chapters on “The Production of Penicillin” and “The 
Administration and Dosage of Penicillin” are particu- 
larly well presented. The use of the substance locally 
and the methods of systemic administration are 
described in detail. 

Following the general discussion on treatment, many 
diseases are discussed individually as to their thera- 
peutic response to Penicillin. These include staphylo- 
coccic septicemia, subacute bacterial endocarditis, 
actinomycosis, pneumonia, gonorrhea, and syphilis. 

The properties and clinical application of allied 
antibiotics are reviewed in less detail. Tyrothridn 
gramicidin S., Streptothricin, Patulin and Chlorophyll 
arc included in the discussion. 

The book sets forth a good deal of practical informa- 
tion. It will be of value to the practicing physician 
who is unfamiliar with antibiotic therapy. 

H. C. Fischer. 
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REPORT OF AN ATTACK OF BLACKWATER FEVER SUBSEQUENT TO 

' INDUCED MALARIA 1 

S. F. Kitchen 

Station for Malaria Research , Tallahassee, Fla . 

AND 

G. G. Sadler 


Florida State Hospital , Chattahoochee, Fla. 


The following account of an attack of blackwater 
fever is recorded partly because of the detailed 
history of malarial background which was available 
in this instance, and partly because the condition 
had not previously complicated any of our induced 
malarial infections. James, Nicol, and Shute 
(1932) had reported its occurrence in two patients 
undergoing therapy with Plasmodium falciparum. 

HISTORY OF ANTECEDENT MALARIAL INFECTION 

The patient (Mrs. P. S.) was a white woman, 
aged 37 years, committed to the Florida State 
Hospital as psychotic, with a diagnosis of cerebro- 
spinal sy^philis. The administration of malaria 
therapy, which had been recommended for her by 
the hospital medical staff, involved an infection 
with each of the three plasmodial species. The 
following summary of her malarial experience in 
hospital is illustrated in figures 1 and 2, which show 
daily parasite densities in the peripheral blood as 
well as the clinical response. 

A vivax infection (figure 1) was first induced by 
the use of infected mosquitoes on July 26, 1943. 
It w T as characterized by a 15-day incubation period, 
27 quotidian proxysms (a five-day remission sep- 
arated the first 22 from the last five), and a 
spontaneous termination. The patient’s peripheral 
blood became microscopically negative for parasites 
by November 18, without medication. P. vivax 
was subsequently observed in this patient’s blood 
films on only twx> occasions, viz., a single parasite 
on January 24, and one on February 20, 1944. 

1 Presented before the joint session of the American 
Society of Tropical Medicine and the National Malaria 
Society, St. Louis, Mo., November 15, 1944. 

The studies and observations on which this paper is 
based were conducted with the support and under the 
auspices of the International Health Division of The 
Rockefeller Foundation, in cooperation with the Florida 
State Board of Health and the Florida State Hospital. 


As figure 2 shows, a supplementary natural 
inoculation was made on March 10, 1944, with P. 
falciparum, six months after termination of the 
vivax attack. Characteristic, somewhat irregular 
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Fig. 1 . Clinical response of Patient P. S. to induced 
P. vivax infection, and the daily parasite densities in the 
peripheral blood of the patient. 


clinical activity followed a 12-da}' incubation 
period. A course of quinine was initiated April 8 
and continued for 10 days (it was believed that 
some of the earlier doses had not been ingested). 
F. falciparum was not found in the blood films 
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ATTACK OF BLACKWATER FEVER 


that a marked degree of jaundice was present. 
The temperature at noon had risen to 103°F. 
without a preceding rigor, and by 4 p.m. it had 
dropped to 100.6°. Late that afternoon about 
seven ounces of urine of a dark reddish brown color 
was voided. The presence of hemolysis and a 
reddish brown color in the serum was observed. 
The erythrocyte count was found to be S90,000 
per c.mm. At 9 p.m. the patient vomited con- 
siderable biJe-stained material. A liquid stool 
contained much bile, and the skin over the entire 
body was intensely icteric. 

August 23 . On the second day the patient's 
pulse was weak, though regular. No improve- 


3si 

of August 22 the urine was of a definitely lighter 
shade than noted above. The patient's blood 
serum was a brownish yellow’ in color. The blood 
sedimentation test showed a drop of 95 mm, in 
60 minutes. In general the patient looked better 
and her pulse, though not strong, was regular and 
of fair quality. Cutaneous icterus w T as less marked. 
Her temperature had risen to 102° at 4 p.m., and 
to 103°at 6 p.m. It had not returned to normal by 
midnight. The output of urine continued to be 
satisfactory. 

August 25 . The patient's general condition ap- 
peared definitely better on the fourth day. Her 
erythrocyte count was i, 300, 000 per c.mm. Her 
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Fig. 3. Major clinical events of hemoglobinuric attack of patient P. S. 


ment in the icterus was apparent. She w’as quite 
weak and very drowsy. The spleen was palpable 
on ordinary inspiration. Urine voided during the 
morning continued to be dark brownish-red. A 
small amount of bile-stained fluid w’as vomited. 
The erythrocyte fragility test yielded a normal 
result. Some C 3 r anosis of the finger nail beds w’as 
present. Her temperature rose to 102° at noon 
and was the same at 2 p.m. By 6 p.m. her condi- 
tion appeared somewhat improved, including the 
c\’anosis noted earlier. During the preceding 24 
hours an output of IS ounces of urine had been 
measured, and a larger amount had been passed 
in the bed. 

August 24 . A morning specimen of urine w~as 
obtained, and for the first time since the afternoon 


temperature, w’hich had been above 100° for 24 
hours, rose to 103° at 4 p.m., and at midnight was 
still 100.2°. 

August 26. The patient continued to improve. 
Her urinary output for the preceding 12 hours had 
all been secured and it balanced the fluid intake, 
900 cc. Icterus had disappeared from the skin. 
Her temperature by noon had fallen below’ 100° 
for the first time in 48 hours. By 4 p.m., how r ever, 
it had risen to 103.4°. Slight edema of the face 
w*as noted. 

August 27. The patient's fluid intake for the 
preceding 12 hours had been matched by the urine 
excreted in that period, 1,200 cc. At 1:45 p.m. 
she experienced a rigor for the first time during the 
attack. Her temperature at 2 p.m. w’as 102°. 



382 


S. F. KITCHEN AND G. G. SADLER 


The rigor lasted about 45 minutes, and by 3 p.m. 
the temperature had risen to 104°. Toward the 
end of the afternoon her abdomen was seen to be 
distended, apparently with fluid, and there was 
some facial and pretibial edema. 

August 2S . The patient’s temperature returned 
to 9S,$° by 3 a.m., but dropped to 96.6° at 4 and 
5 a.m. Her face was edematous. She had re- 
fused liquids during the night, and the 12-hour 
fluid intake (2/0 cc.) was about a quarter of the 
output (1,170 cc.). Her abdomen was less dis- 
tended. Her temperature, which had remained 
normal during the day, was 97.8° Avhcn a rigor 
occurred at 4 p.m. The rigor ended at 5 p.m. on 
a temperature of 101.4°. At 6 p.m. the temper- 
ature had risen to 104°; it was tire same at 7 p.m., 
then gradually returned to normal by midnight. 

Treatment. As figure 3 shows, Lire patient was 
given infusions comprising 5 per cent glucose in 
physiological saline, and 50 per cent glucose from 
the first day, and on one occasion 2.5 per cent 
sodium citrate. Transfusions of 500 cc. of dtrated 
blood, followed by normal saline were given on the 
first, second (two), fourth, and seventh days. 
Sodium bicarbonate was administered in one-gram 
doses at four-hour intervals. At noon on the 
second da} r the patient was placed in the oxygen 
tent for a 24-hour period. The flow of oxygen was 
started at seven, and reduced a few hours later to 
five, litres per minute, A course of thiamine 
chloride and nicotinic acid was commenced on the 
seventh day. 

Convalescence . The patient apparently was 
safely over this hemoglobinuric attack on August 
29. The edema had disappeared. Her temper- 
ature did not subsequently rise above the normal 
range, and no untoward symptoms were elicited 
on or after this date. The fluid intake and output 
continued to be satisfactory; urinalyses yielded 
normal findings and there was no evidence of renal 
sequelae. The chief damage to be repaired, in so 
far as could be determined, was the marked loss 
of blood, and by August 29 she appeared to be on 
the way to replacing that; the erythrocyte count 
had risen to 1,600,000 per c.mm. Two weeks 
later (September 11) the red cell count was 2,700,- 
000 and the hemoglobin 7.1 grams per cent. On 
August 31 the icterus index was 5. On the latter 
date also, serum protein determinations showed 
the albumen and globulin values and the A/G 
ratio to be within normal limits. 

Additional Laboratory Notes . The presence of 
plasmodia in blood films during attacks of black- 


water fever has not been consistent, according to 
various reports. In the case of the episode we 
describe, parasites were not found from the onset 
of the attack until the third day after fever was 
last noted, when a gametocyte was observed in 
the thick smear on August 31. Subsequent to 
that date occasional gametocytcs were found, and 
trophozoites were observed in small numbers com- 
mencing September IS. The latter forms in- 
creased in number to 450 per c.mm. on September 
24, thereafter falling to very low levels. 

Figure 3 shows that the total and differential 
leucocyte counts were within normal range on the 
first and second days of the attack, and that a 
leucopenia, with relative lymphocytosis, existed 
on the fifth day. Leucopenia was still present, 
though in lesser degree, two days after the abate- 
ment of fever. A normal leucocytic picture was 
noted a week following the attack. 

The urine of this patient during the hemo- 
globinuric episode presented the characteristic 
appearance and contents. At the beginning it ex- 
hibited the color of port wine. Much albumen 
was present, and on standing, a layer of brownish- 
gray sediment settled out. Microscopically this 
was made up largely of brown-stained granular 
debris and cellular constituents, the latter chiefly 
epithelial and pus cells. Intact erythrocytes w'ere 
not found. The third day specimen was definitely 
lighter, a brownish yellow, with no suggestion of 
hemoglobin in it. Excepting for the quite evident 
bile pigment, tire urine voided on the fourth day 
was not remarkable; albumen could not be de- 
tected (heat test). 

As figure 3 show’s, the quantitative Van den 
Bergh test revealed 34 times the upper normal 
amount of serum bilirubin on the second day, and 
still 15 times the maximum value on the fourth 
day. It will be recalled that cutaneous icterus was 
not detected on the fifth day. 

Comment . Two points in particular concerning 
the malarial history of tins patient merit attention. 
Firstly, the patient had experienced three malarial 
infections, one wnth each species of plasmodium. 
within less than 12 months. The etiological 
significance of the multiple, heterogeneous malarial 
infections is, on the basis of our experience, ques- 
tionable. It has been our practice to utilize more 
than one species of plasmodium when this w’as 
considered necessary in order to secure adequate 
therapy. Never before has hemoglobinuria fol- 
lowed such procedure. Furthermore, the hj^poth- 
esis that certain plasmodial strains show' greater 
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tendency to provoke hemoglobinuric attacks is not 
supported by the pedigree of the strains concerned 
in this report. The vivax strain with which this 
I patient was infected has been propagated naturally 
by us since its isolation locally in 1931. The 
falciparum strain, also of local origin, has been in 
our possession four years. The quartan strain, 
though new to us, had been used a number of 
3 'ears for therapeutic purposes. None of these 
strains had any record of involvement in attacks 
of blackwater fever. 

The second noteworth} r feature of the malarial 
background was the prolonged presence of the 
falciparum parasite in the peripheral blood. This 
organism had been demonstrable in the blood 
smears almost continuously for the five months 
(and provoking a small amount of minor clinical 
activity during the three months) immediately 
preceding the hemoglobinuric episode. It may 
well be that persistence of the falciparum infection 
played a significant etiological role in the subse- 
quent hemoglobinuric event. James el al. had 
encountered similar protracted quinine-resistant 
falciparum infections (with Sardinian and Italian 
strains) in their two patients who developed black- 
water fever. 

Of etiological interest is the relationship of 
quinine ingestion to the onset of this attack. There 
is abundant precedent for circumstantially in- 
criminating the drug as an incitant. At least it 
may be stated that hemolysis probably commenced 
within 12 hours of the first dose of quinine. The 
existence of an inherent sensitivity to the drug is 
ruled out through failure of the patient to react 
adversely to the course of quinine given in April. 
The possibility of that medication forming a part 
of the etiological mechanism, however, cannot be 
evaluated here. We may only conclude that be- 
tween that time and August 21 the one or more 
missing and essential parts were fitted into place. 

There was no rigor to mark the onset of hemoly- 
sis in this instance, as is frequentty reported. It 
seems probable, however, that the emesis which 
occurred at 1 a.m. on August 22, 11 hours after 
the initial dose of quinine, coincided with that 
process. The pronounced degree of icterus noted 
six hours later, 7 a.m., would support that belief. 

The loss of erythrocytes within the first 24 hours 
of the attack was great. The red cell count on 
June 26, the last recorded during the two months 
preceding the hemoglobinuria, was 3.4 million per 
c.mm. Minor parasitic activity such as the pa- 
tient had during that period usually takes but a 


small toll of erythrocytes (the acute phase of her 
primary attack in March reduced the red cell 
count only 400,000 per c.mm.). If she entered the 
blackwater fever attack with a density of 3.0 to 
3.5 million erythrocytes per c.mm., as seems not 
unreasonable, she lost almost three-quarters of her 
circulating red cells in less than 24 hours. The 
rapid development of a marked degree of jaundice 
and the observation, even on the second day, of 
34 times the upper normal value for serum bilirubin 
lend credence to the extensive destruction. 

Since there is no specific treatment for black- 
water fever, therapy was directed chiefly toward a 
partial replacement of blood loss by transfusion, 
and maintenance of an adequate fluid intake and 
acid-base equilibrium by infusion with glucose and 
saline. A very moderate amount of sodium bi- 
carbonate was given by mouth. In all, five half- 
liter transfusions of citrated blood were given dur- 
ing the first five days. In spite of these, the pa- 
tient’s erythrocytes did not exceed 1.3 million dur- 
ing the seven days following the onset. Obviously 
her hemopoietic mechanism did not function signifi- 
cantly in that period, for we had no reason to be- 
lieve that there was any appreciable hemolysis 
after the second day. 

Contrary to a former theory, acidosis is not gen- 
erally present in blackwater fever; and even the 
hypothesis that oliguria and anuria are the result 
of blockage of the renal tubules by hemoglobin 
degradation products, precipitated in an acid urine, 
and cellular debris, is open to doubt. Added to 
which, the fact that acid urine may be excreted 
although an alkalemia be present, and that in such 
cases administration of alkalis not only may not 
alter the reaction but are likely to be distinctly 
harmful, contraindicate the indiscriminate use of 
intensive alkaline therapy in this condition. As 
Foy cl al. (1943) and Maegraith (1944) indicate, 
alkalis, while desirable in acidosis, ma}^ neverthe- 
less upset kidney function in the presence of 
deltydration and salt deficiency, both of which may 
obtain in blackwater fever. Fairley (1944) be- 
lieves that alkaline therapy should be controlled 
by alkali reserve determinations. Wakeman (1932) 
suggested that the rational way to meet the salt 
and fluid loss was through the parenteral admin- 
istration of saline and glucose. He felt that early 
treatment by transfusion and infusion might pre- 
vent suppression, minimize impairment of renal 
function, and thereby eliminate the later secondary 
effects of the disease. 

Possibly the relatively early and generous ad- 
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ministration of blood, saline, and glucose to our 
patient prevented the development of anuria. The 
presence of edema from the fifth to seventh days 
of the attack may have meant that we gave too 
much fluid, or sodium chloride, under the circum- 
stances. Pier general condition on the morning of 
the second day had been obviously unsatisfactory, 
perhaps partly due to anoxemia and partly to 
shock. We do not know whether the additional 
oxygen she received during part of the second and 
third days was of real value, although she appeared 
to benefit from it. 

Occasional falciparum parasites were still demon- 
strable in this patient’s blood films in December 
1944. Preparatory to a full course of quinine, she 
was given smaller doses of the drug as follows; 
December 19, two grains; December 28, five grains; 
January 8, 1945, three doses of seven grains each. 
None of these induced detectable hemolysis. 

SUMMARY 

The malarial background and clinical aspects of 
an attack of blackwater fever have been described; 
the episode occurred in a white female patient, 
age 37, subsequent to malaria therapy. 

The patient had experienced an infection with 
one strain of each plasmodial species during the 
preceding 13 months; P. vivax had been allowed to 
disappear spontaneously, and P. inalariac had been 
suppressed by a course of plasmochin; the falcip- 
arum infection, in spite of a course of quinine 
administered following the acute phase of the 
attack, persisted for five months, with minor 
parasitic and consequent clinical activity during 
the latter period of the infection. 

Onset of the hemoglobinuric episode probably 


occurred within 12 hours of initiation of quinine 
medication; it was characterized by emesis and 
the rapid development of icterus; fever, unaccom- 
panied by rigor, appeared about 11 hours after 
onset. 

The attack lasted one week and was featured by: 
anemia , involving the loss of 70 to 75 per cent of 
circulating erythrocytes in the first 24 hours; 
moderate emesis, chiefly bilious early in the attack; 
daily fever in the afternoons (continuously at or 
above 100°F. for 48 hours on the third to fifth 
days), with rigor on the sixth and seventh days; 
hcmoglobincmia , hemoglobinuria , and proteinuria 
during the first two days; bilirubinemia (10.2 mgm. 
per cent on the second day) and intense icterus 
which gradually decreased after the second day; a 
state of near collapse on the second day; edema 
on the fifth to seventh days; the absence of micro- 
scopically detectable parasites from the peripheral 
blood. 

Treatment chiefly comprised blood transfusions, 
infusions of saline and glucose, moderate dosage of 
alkali by mouth, and supplementary oxygen. 
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The douroucouli is of particular interest in rela- 
tion to the epidemiology of jungle yellow fever 
because it is said to be the only monkey to be found 
in certain parts of Colombia where yellow fever is 
apparently endemic in the forests. In a recent 
article Boshell and Osomo (1944), writing of the 
Muzo region, state: “It has been conclusively 
established by observations over several years that 
there are no monkeys in this region with the excep- 
tion of small groups of A of ns lanius The animal 
has not been studied in the laboratory except for 
one specimen reported on by Davis (1931). Tills 
was bitten by A edes aegypii infected with the Asibi 
strain of yellow fever virus, It showed no temper- 
ature reaction, but blood serum taken a month 
after its exposure to the mosquitoes protected a 
rhesus monkey against inoculation with a test 
virus dose. Apparently no attempt was made to 
recover circulating virus. Recent work has made 
it clear that the reactions of American monkeys to 
the African Asibi strain of virus may be very differ- 
ent from their reactions to local strains (Laem- 
mert, 1944). The apparent resistance of this single 
aotus tested by Davis thus cannot be given much 
weight. 

We have recently started to re-examine the sus- 
ceptibility of various neotropical mammals to in- 
fection with the virus of yellow fever by the method 
of attempting to interpose them in laboratory cycles 
of local virus strains, using as a standard the 
saimiri-haemagogus cycle (Bates and Roca, 1945). 
The douroucouli was among the first animals so 
tested, and the results indicate such a high order 
of susceptibility that, in view of the special im- 
portance of the animal, separate publication seems 
warranted. The techniques used in the main- 
tenance and study of the mosquito-mammal cycles 
have been fully described in the previous article. 

Dr. G. H, H. Tate of the American Museum of 

1 The studies and observations on which this paper 
is based were conducted with the support and under 
the auspices of the Section of Special Studies main- 
tained by the Colombian Government and the Inter- 
national Health Division of The Rockefeller Foun- 
dation. 


Natural History kindly examined one of our ex- 
perimental animals; he writes that this and other 
specimens from Villaviccncio may be referred to 
Aotus trivirgatus . The nomenclature of the genus 
Aotus is in a confused state (for references, see 
Tate, 1939) and many names have been proposed 
for wliat are probably a few rather closely similar 
geographical populations. There are two recogniz- 
able forms in Colombia, though their taxonomic 



Fig. 1. Tm: Douroucouli (Aotus Trivirgatus) 


status is uncertain: a mountain form with very 
long, lax fur, for which the oldest name is lanu- 
rinus , and the short-furred lowland type, tri- 
virgatus. Dr. Tate writes us that he is unable to 
find obvious or consistent cranial differences be- 
tween these two forms, and it seems unlikely that 
the two are specifically distinct. Whether such 
geographically defined populations would differ in 
susceptibility to yellow fever virus is a question 
on which \vc as yet have no data. The origin and 
use of the vernacular name “douroucouli” dis- 
cussed by Simpson (1941). We include a photo- 
graph of one of the Villaviccncio animals (fig. l). 

We arc greatly indebted to Dr. Jorge Bo^hell- 
Manriquc for giving us free access to some of In's 
unpublished epidemiological studies, which seem to 
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DIAGRAM OF VIRUS PASSAGES WITH AOTUS 



Fig 2 


implicate the douroucouli in natural virus cycles; 
and to Dr. Augusto Gast-Galvis for making patho- 
logical examinations of the liver tissue of animals 
dying in the course of infection. 


MAINTENANCE OP CYCLES 

Four douroucoulis have been interposed in labo- 
ratory virus cycles, as shown in the diagram (fig. 2), 
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Each of these has shown a sharp febrile reaction 
and a very high titer of circulating virus, and has 
died on the fourth or fifth day after infection, with 
signs characteristic of fatal yellow fever. Virus 
has been carried from saimiri to douroucouli, 
douroucouli to douroucouli, and douroucouli to 
saimiri, by the bite of Hacmagogus capricornii, 
without the slightest difficulty. The virus strain 
used was from a patient (Julio Rodas) who had a 
non-fatal case of yellow fever. It was isolated by 
the inoculation of the human serum in a saimiri 
monkey. A series of saimiri-haemagogus cycles 
was maintained with this virus similar to those de- 
scribed for Perez virus (Bates and Roca, 1945) 
with identical results; in particular, the percentage 
of haemagogus showing virus under given environ- 
mental circumstances was the same with the two 
strains. Rodas virus has caused fatal infections in 
saimiris from the beginning. We have used it in 
place of Perez virus because of its more recent 
isolation, and because it has never been passaged 
through mouse brain and was only once desic- 
cated (between saimiris 99 and 176; see diagram). 
We are attempting to maintain this strain by 
constant mammal-mosquito passage, thus avoiding 
any further “unnatural” manipulation. 

The characteristics of infection in Hacmagogus 
capricornii after feeding on douroucoulis differ con- 
siderably from those observed in mosquitoes in- 
fected on saimiris. We think that this illustrates 
the , overwhelming importance of the “dosage 
factor” in mosquito infections, since the mosquitoes 
pick up much more virus from douroucoulis than 
from saimiris. The phenomenon of different in- 
fection rate for mosquitoes kept at different tem- 
peratures, described in our report on saimiri- 
haemagogus experiments (Bates and Roca, 1945), 
is not apparent in mosquitoes infected on dourou- \ 
coulis. Virus has been recovered from practically 
all of the haemagogus that fed on douroucoulis, re- 
gardless of the environmental temperature. (Tests 
were made in a range between 20°C. and 30°C., as 
in the saimiri experiments.) Haemagogus infected 
on douroucoulis are able to transmit by bite to 
douroucoulis, saimiris, or baby mice 9 and 10 days 
after the infectious meal if kept at 30°C., as com- 
pared with the minimum 13 day period found in 
similar experiments with saimiris. The main- 
tenance of virus with the use of douroucouli 
monkej's, Hacmagogus capricornii mosquitoes, and 
Rodas virus seems to be as easy as maintenance 
with rhesus, Acdcs aegypti , and Asibi virus. The 


mosquitoes even feed more readily on douroucoulis 
than they do on saimiris — a phenomenon for which 
we have no ready explanation. 

CHARACTERISTICS OF INFECTION IN DOUROUCOULIS 

The histories of the four douroucoulis used in 
infection experiments are summarized in table 1. 
Each animal showed a febrile reaction. Normal 
temperatures are similar to those of saimiris 
(Bates, 1944), varying between 38° and 39°C. 
Animals 1, 3, and 4 all had abundant altered 
blood in the stomach at autopsy. Dr. Augusto 
Gast-Galvis has kindly given us the following 
notes on the results of histological examinations of 
liver material:* 

“There is an acidophilic coagulative necrosis 
with a salt and pepper distribution throughout the 
entire lobule, but most intense in the mid-zone. 
There are abundant Councilman bodies with well- 
defined characteristics — acidophilia, well-defined 
border, fatty inclusions, and nuclear chromatolysis. 
Intranuclear inclusions are also present. There is 
a fatty infiltration, with droplets of small and 
medium size, and in some cases one may observe 
hepatic cells impregnated with bile pigment.” 

The animals were bled and tested for circulating 
virus by the intracerebral inoculation of serum in 
white mice on the third day and daily thereafter. 
We have pointed out (Bates and Roca, 1945) that 
mouse mortality with these local “pan tropic” 
virus strains may be very irregular, which makes 
the calculation of titers by the usual method un- 
dependable. Baby mice (seven days old) seem 
to be uniformly susceptible on intracerebral inocu- 
lation, but it is difficult to maintain a small mouse 
colony in such a way as to provide adequate 
numbers of baby mice of uniform age for extensive 
titrations. We made several titrations with aotus 
sera, but the titer proved to be so fantastically 
high that in no instance did we reach the end point. 
Intracerebral inoculation of 7-day-old mice with 
serum of aotus 4 taken on the fourth day, killed 
3 of 4 mice when a dilution of 1:10 s was used, and 
2 of 4 mice when the dilution was 1 :10 9 . It seems 
probable from the incomplete titrations that all 
four animals showed titers of the order of magni- 
tude of 1:10 9 . The results of one titration by 
parallel inoculation of mice of different age groups 
and saimiri monkeys are given in table 2, since 
this series show's nicely the difference in suscepti- 
bility exhibited by mice of different age groups. 
This titration was made with rehvdrated serum. 
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Our method of desiccating serum is not very effi- 
cient and rehydrated scrum almost always shows a 
considerable loss of virus titer; it is thus not un- 
reasonable to suppose that the original virus titer 
for baby mice in the case of this animal was also 
of the order of magnitude of 1:10°. Since the 
maximum titer of virus circulated by saimiris is 
usually about 1 : 10 6 , this may well mean that 


called Volcanes, where during 1943 he recovered 
virus with astonishing frequency from Haemagogus 
capricornxi. Douroucoulis seem not to be particu- 
larly abundant in this area, and during the first 
year lie succeeded in catching only three, though 
others were seen. All three animals, however, 
showed clearly positive protection tests for yellow 
fever. These were the only primates that have so 


TABLE 1 


Histories of aotus monkeys infcctcd-with yellow fever virus 


AOTUS 

NO. 

HISTORY OP MOSQUITOES 

niSTORY OF MONKEY 

Lot 

no. 

No. 

biting 

Days 

after 

infec- 

tious 

meal 

Circulating virus: day 

Fever 

Day of 
death 

Stomach 

haemor- 

rhage 

Liver lesions 

3 

4 

5 

Day of 
onset 

maximum 

temper- 

ature 

1 

181 

5 

19 

+ 

+ 

+ 

3 

40.1 

5 

yes 

yellow fever 

2 

190 

S 

mm 

+ 

+ 


2 

40.0 

4 

no 

yellow fever 

3 

195 

10 

mm 

+ 

+ 


3 

40.5 

4 

yes 

yellow fever 

4 

195. 

2 

19 

+ 

+ 


3 

40.5 

5 

yes 

yellow fever 


TABLE 2 

Titration of rehydrated scrum of aotus i, fourth day after infection 


(Mice inoculated intracerebrally with 0.03 cc., saimiri monkeys intraperitoneally with the same amount of the 
corresponding dilutions.) 


DILUTION 

mice: 7 DA\S OLD 

MICE: 21 DAYS OLD 

mice: 70 DAYS OLD 

SAIMIRI MONKEYS 

Mortal- 

ity 

B 

Mortal- 

ity 


Mortal- 

ity 

A.S.T. 

No. 

Circulating virus: day 

Day of 
death 

3 

4 

5 

6 

7 


4/4 

6.8 

6/6 

8.3 

4/6 

13.5 









5/5 

7.6 

6/6 

9.7 

5/6 

12.3 









5/5 

7.0 

5/6 

11.5 

1/6 

19.2 








1:10* 

5/5 

7.8 

3/6 

14.6 

2/6 

18.7 


+ 

+ 

+ 



6 

1:10 5 

5/5 

8.2 

3/6 

17.5 

2/5 

17.2 

192 

+ 

+ 

+ 



6 

1:10 6 

5/5 

8.8 

2/6 

18.4 

4/6 

17.2 

193 

+ 

+ 




5 

1 : 10 7 

4/5 

11.8 

2/6 

18.8 

0/6 

20.0 

194 

+ 

+ 

+ 

+ 

+ 

survived 


* A.S.T. = average survival time, calculated on a basis of 20 days of observation. 


there is a thousand times more virus in circulation 
in an infected aotus than in an infected saimiri. 

DISCUSSION 

A large population of douroucoulis would clearly 
provide a fertile field for the development of 
jungle yellow fever. Unfortunately, because of 
the nocturnal habits of these monkeys, we have 
very little idea as to how abundant they may be in 
different areas. Dr. Jorge Boshell-Manrique has 
recently been making studies of the relative abun- 
dance of various mammals in an area in Colombia 


far been found resident in the area, and almost the 
only mammals that have given positive protection 
tests for yellow fever. Such studies are necessarily 
made after an epidemic, and there is no way of 
knowing whether an explosive outbreak of yellow 
fever, such as characterized tins Volcanes area, 
might have been preceded by a relatively large 
population of a highly susceptible animal such as 
Aotus. From the laboratory results, it seems re- 
markable that any of the animals would have 
survived. 

Knowledge of the habits of douroucoulis is 
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largely limited to casual references by the traveller- 
naturalists. The observations of Enders (1935) 
on the Panamanian species are particularly inter- 
esting in connection with the possible role of the 
animal in yellow fever. He writes: ‘The Night 
Monkey is strictly nocturnal . . . and is the only 
monkey on Barro Colorado Island that appears to 
have a definite sleeping place. This home is 
usually a hole high up in some tree or in a dense 
tangle of vines in the tree tops. Nor do they move 
about in groups larger than family groups. These 
habits make them difficult to see unless one is 
familiar with their nesting sites. As would be ex- 
pected from a knowledge of their habit of living in 
holes in trees, they are limited in distribution to 
the more mature forest where such cavities aTe 
found. Here families were found living within a 
hundred meters of each other which may indicate 
a greater density of population than actually exists. 
Nevertheless they cannot be called rare.” 

The habit of spending the day sleeping in the 
canopy zone of mature forest would certainly ex- 
pose these animals to haemagogus mosquitoes; 
and, as pointed out above, this monkey makes an 
ideal source of blood meals for haemagogus in the 
laboratory. In view of the fact that Aotus occurs 
in yellow fever areas where other susceptible 
primates seem to be absent, it must be given care- 
ful consideration in any study of the epizoology 
of the disease. 

SUMMARY 

Four douroucoulis (A of us (rivirgatus) from the 
Villavicencio area of eastern Colombia w’ere tested 
in laboratoiy cycles of yellow 7 fever with the mos- 
quito Haemagogus capricornii and a local strain of 
virus. All four animals showed acute, fatal infec- 
tions, characterized by fever and a very high titer 
of circulating virus; death occurred on the fourth 
or fifth day after infection. Three of the animals 


showed stomach hemorrhage, and liver tissue from 
all four showed lesions characteristic of fatal yel- 
low’ fever in man and rhesus monkeys. Virus w 7 as 
transmitted by the bite of the mosquito Haema- 
gogus capricornii from saimiri to douroucouli, 
douroucouli to douroucouli, and douroucouli to- 
saimiri. There is some evidence that the dourou- 
couli may be important in the epidemiology of 
yellow fever, since it is said to be the only monkey 
in certain areas in Colombia where the disease is 
endemic. 
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Immunological studies on epidemic and murine 
strains of the rickettsiae of typhus fever, carried 
on over a period of years, have shown that the two 
agents are closely related, in that animals which 
recover from infection with one strain are immune 
to the other (1). However, Plotz (2) has shown 
that the complement-fixing antibodies produced 
by the two types of rickettsiae are highly specific 
when purified rickettsiae are used as antigens. A 
new method of investigating the specificity, of 
typhus strains was afforded the observations of 
GUdemeister and Haagen (3) that a “toxin” is 
associated with living murine rickettsiae and that 
this “toxin” could be neutralized by sera from 
convalescent epidemic and endemic human cases. 
Bengtson, Topping, and Henderson (4), and Hen- 
derson and Topping (5), greatly extended the work 
on this toxic factor. They showed that a “toxic 
substance” was present in yolk sac suspensions of 
epidemic rickettsiae and described methods for 
standardizing it and for estimating the amount of 
neutralizing antibodies in immune sera. It should 
be noted that the term “toxin” emploi^ed by Gilde- 
meister and Haagen, and the term “toxic sub- 
stance” used by Bengtson, Topping, and Hender- 
son refer to the same thing. Since tire lethal factor 
is intimately associated with living rickettsiae, 
and its true nature has not been established, we 
shall use the general term, “toxic factor,” or 
“toxin” (in quotes), for the purpose of tills report. 
The present report presents the results of studies 
on the specificity of the toxic factors associated 
with tire rickettsiae of epidemic and murine typhus. 

METHOD 

Rickettsial “toxins” were obtained from yolk 
sacs infected with two epidemic (Breinl and 
Madrid) and two murine (Wilmington and Casta- 
neda) strains of typhus. The infected sacs were 
selected and processed according to the general 

Report to the Director of the United States of 
America Typhus Commission, 27 September 1943. 

s Captain, Sanitary Corps, AUS. 


method described by Henderson and Topping (5). 
However, titrations were all made by using the 
intraperitonea] route of inoculation, as employed 
by Gildemeister and Haagen (3) and Craigie (6). 
To titrate the “toxin,” serial two-fold dilutions of 
the stock suspension were made with RIngeris 
solution; 1 cc. of 1:10 normal human or guinea 
pig serum was then added to 1 cc. of each of the 
dilutions of “toxin.” The mixtures were shaken 
well, incubated at 37.5°C. for 30 minutes, and 
0.2 cc. amounts were injected intraperitoneally into 
4-8 white mice weighing approximately 15 grams. 
One minimum lethal dose (all.d.) was considered 
to be present in the dilution containing that frac- 
tion of an infectious yolk sac which was capable of 
killing 50% of the injected mice. This dilution 
was usually a yolk sac suspension of 1 : 10 by weight 
for epidemic “toxin” and 1 :20 for murine “toxin,” 
except for the Madrid strain, 3 which was even 
more toxic than either of the murine strains. 

The titration of neutralizing antibodies in im- 
mune sera was carried out as follows: 0.5 cc. 
quantities of serial two-fold dilutions of serum were 
mixed with 0.5 cc. amounts of toxic suspension 
which had been diluted so that each 0.2 cc. of the 
final serum-“ toxin” mixture contained 2 m.l.d/s. 
A standard neutralizing serum was not included 
with each protocol, but was used with different 
pools of toxic material in order to make sure that 
the selected 2 m.l.d.’s were neutralized to the 
same titer. However, a control normal serum was 
included in every series of serum titrations, in 
order to be sure that the toxic factor had not lost 
potency. After incubation at 37.5°C. for 30 min- 
utes, 0.2 cc. amounts of serum- 1 Toxin” mixture 
were injected intraperitoneally into each of 4 mice. 
The time at which death of the animals occurred 
was carefully recorded during the succeeding 5 
hours, with a final recording at 24 hours. Pre- 
liminary experiments, carried out in conjunction 
with Lt. E. J. Bell, Sn.C,, indicate that the neu- 
tralizing antibody titers obtained by the intra- 

3 (An epidemic strain.) 
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peritoneal method, just described, appear to be 
comparable with those obtained on the same sera 
when tested by the intravenous technique of 
Henderson and Topping. 

The titers of neutralizing antibodies presented 
in this report represent the dilution of serum before 
toxic material was added. 4 

It was naturally of interest to compare the 
neutralizing titers with the titers of complement- 
fixing antibodies in the same serum specimens. 


table 1: It is obvious that the titers of neutralizing 
antibodies are very low. As Henderson and 
Topping have pointed out (5), these titers would 
be of little or no significance were it not for the 
fact that serum from these same individuals taken 
before vaccination failed to show any evidence of 
neutralizing antibodies. The appearance, there- 
fore, of even low titers is thought to be significant 
All five individuals had some neutralizing anti- 
body, though in only three of them (C. Z., L. C., 


TABLE 1 


Comparison of complement fixing- with epidemic neutralizing-antibody titers in sera of post-vaccine and 

convalescent cases 


SUBJECT 

VACCINE § 

AMOUNT OF 
VACCINE 

TIME OF BLEEDING 

I 

COMPLE- 

MENT 

FIXATION ; 

EPIDEMIC 

ANTIGEN 

NEUTRAL- 

IZATION 

EPIDEMIC 

“toxin” 

c. z. 

VE-2A whole epi. 

2.25 cc. 

1 

18 days 

0* 

l:3f 

J. s. 

Craigie 13-2 epi-end. 

4.6 cc. 

14 days 

0 

1:1+ 

N. R. 

Craigie 13-2 epi-end. 

5.0 cc. 

20 days 

0 

1:2+ 

L. C. 

E-62 (whole epi.) 

1.5 cc. 

13 days 

0 

1:8+ 


Craigie 1 3-2epi-end. 

2.0 cc. 




R. R. 

E-62 (whole epi.) 

1.5 cc. 

13 days 

0 

l:St 


Craigie 13-2 epi-end. 

2.0 cc. 




F. S. #1 

Brill’s Disease — Convalescent 


12th day of disease 

US 

1:320 (p)t 

F. S. #2 

Brill’s Disease — Convalescent 


22nd day of disease 

■BH 

1:160 

J. M. 

Brill’s Disease — Convalescent 


3 yrs. 4S days 

1:12 

1:5 

R. W. 

BrilPs Disease — Convalescent 


1 yr. 143 days 

1:12 

1:5 

G.p. $382 

Breinl Convalescent guinea pig 


1:384 

1:10 

G.p. pool 

Breinl Convalescent guinea pigs 

i 

1:12 

1:4 


* Lowest dilution of serum used in the complement fixation test was 1:3. 

f Sera of these individuals, obtained before vaccination, showed no neutralizing antibodies, undiluted (1:1). 
t p = partial protection. 

§ The vaccine was a 10% yolk sac suspension which had been ether-extracted. It was usually given in 0.25- 
100 cc. doses, subcutaneously, at weekly intervals. 


The author is indebted to Lt. K. Wertman, Sn.C., 
for the performance of the complement fixation 
tests which have been included in the following 
text and tables. 

PRELIMINARY STUDIES WITH THE EPIDEMIC (BREINL) 
TOXIC EACTOR 

At the outset, it was of interest to learn whether 
neutralizing antibodies might be present in sera of 
vaccinated persons who had failed to N develop 
demonstrable complement-fixing antibodies. The 
results obtained with five such sera are shown in 

4 All titers, , therefore, represent initial dilutions of 
serum. 


and R. R.) was it in a titer of 1 :3 or better. None 
of them showed complement-fixing antibodies 
at 1 :3. 

Table 1 also contains comparative complement- 
fixing and neutralizing antibody titers on several 
sera from humans recovered from Brill’s disease 
as well as guinea pigs recovered from infection 
with the Breinl strain of rickettsiae. It is of 
interest to note the relatively close correlation 
between the titers observed in the two tests, with 
the exception of G. p. 382. These observations 
are supplemented, not only for the epidemic strain 
but also for murine typhus, by data to be pre- 
sented in table 2. These observations correspond, 
in general, with the preliminary data recorded by 
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Bengtson, Topping, and Henderson (4). The oc- 
casional failure to find correlation between the 
levels of the two antibodies suggests that comple- 
ment-fixing and neutralizing antibodies may be 
separate entities. 

SPECIFICITY OF EPIDEMIC AND MURINE TOXIC 
FACTORS 

In initial experiments, “toxin” was prepared 
from both the epidemic (Breinl) and murine 
(Wilmington) strains of typhus and tested with 


used in the selection of murine sera. Each of these 
sera was titrated for neutralizing antibodies, using 
toxic material from four different strains (Breinl, 
Madrid, Wilmington and Castaneda). The results 
obtained in ‘the investigation of 12 such cases are 
shown in table 2. 

The six sera from cases of epidemic typhus all 
showed high titers of antibodies capable of neutral- 
izing both strains of epidemic “toxin,” the titration 
endpoints ranging from 1 :80 to 1 :640. However, 
these same sera had relatively low titers when the 


TABLE 2 


Estimations of neutralizing antibodies against epidemic and murine toxic factors in sera of typhus patients 



COMPLEMENT FIXATION 

NEUTRALIZATION 


CASE 

Epidemic 

Murine 

antigen 

Epidemic toxic factor 

Murine toxic factor 


antigen 

Breinl 

Madrid 



Epidemic Typhus 

Bis-Mexico — 41 

1:800 

1:10 

1:640 

1:640 

1:5 (p)* 

1:5 

Guateroala-Tecpan #3 

1:384 

1:12 j 

1:80 

1:320 

1:10 

1:10 

Mexico — 42X i 

1:640 

1:10 

1:160 

1:320 

1:40 

1:40 

Human — 875 

1:640 

1:10 

1:160 

1:640 

1:10 

1:10 

Ecuador — #1 ; 

1:640 

1:10 | 

1:320 

1:640 

1:5 

1:5 

Ecuador — #12 

1:640 

0 

1:320 

1:640 

1:5 (p) 

1:10 

Endemic Typhus 

Low 

1:10 

1:160 

4 

1:20 

1:20 

1:40 

1:40 

Kee 

1:24 

1:384 

1:40 (p) 

1:20 

1:80 

1:80 

Pet 

1:10 

1:160 

1:10 

1:20 

1:40 

1:80 

Le H 

1:12 

1:192 

0 «1:5) 

0 ( < 1 : 5) 

1:40 

1:80 

Cros.-2 

1:10 

1:160 

1:5 (or less) 

0 ( < 1 : 5) 

1:40 

1:40 

Sym.-3 

1:20 

1:320 

1 : 10 (or less) 


1:40 



* p a® partial protection. 


sera of guinea pigs convalescing from infection with 
Breinl, Wilmington, or Castaneda strains of ty- 
phus. In these tests, undiluted serum from ani- 
mals which had recovered from infection with 
either of the three strains was capable of neutral- 
izing both epidemic and murine “toxins.” Similar 
results were reported by Gildemeister and Haagen 
(3), using murine u toxin” and epidemic sera di- 
luted 1:2. Subsequently, when quantitative titra- 
tions of neutralizing antibodies in human sera 
were made, differences were noted in the titers 
obtained with epidemic and murine “toxins.” 
Samples of sera from patients with epidemic ty- 
phus were chosen which showed a high titer in 
complement fixation tests with epidemic antigen, 
but which had a low titer or were negative when 
tested with murine antigen.* Similar criteria were 


two murine “toxins” were used, viz., from 1:5 to 
1:20. Though to a lesser degree, the sera from 
the six cases of endemic typhus show a higher 
neutralizing capacity to the homologous than to 
the heterologous toxic factor. Despite the lower 
degree of specificity with murine sera, the data 
are sufficiently clear-cut to indicate that the toxic 
factors of epidemic and murine typhus and their 
respective antibodies are distinct entities. The 
individuality of the neutralizing antibodies was 
investigated further by means of absorption studies. 

ABSORPTION OF NEUTRAUZING ANTIBODY 

Purified and washed suspensions of epidemic 
(Breinl) and murine (Wilmington) rickettsiae of 
known nitrogen content were used for the absorp- 
tion of antisera by the procedure previously de- 
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scribed (2), The rickettsiae were washed twice, 
immediately before using, with potassium phos- 
phate buffer (pH = 6*2; ionic strength = 0.2), 
Identical quantities of each strain of rickettsiae (as 
indicated by equal N-content; 2 mg./cc.) were 
then separate!)^ mixed with equal volumes of an 
undiluted epidemic typhus serum, and similarly, 
with two portions of a murine serum. The mix- 
tures were placed in an icebox and shaken occasion- 
ally to resuspend the rickettsiae. After standing 
overnight, the tubes were shaken again and centri- 
fuged at 10,000 r.p.m. in the cold (0°C.) for 1 hour 
to sediment all rickettsiae. The clear supernatant 
sera were removed and tested for neutralizing 


caused no detectable reduction in epidemic neutral- 
izing antibodies. The results with the murine 
serum (Sym, #3) were even more striking, for 
absorption with epidemic antigen produced prac- 
tically no reduction in murine neutralizing capacity, 
while absorption, with murine rickettsiae reduced 
the titer from 1 :40 to 1:5. In eacli case, absorp- 
tion with the homologous antigen reduced the 
complement-fixing antibody titer (c.f.) by one 
dilution, whereas absorption with the heterologous 
antigen did not alter the original titer. Thus, the 
results of absorption studies add further evidence 
for the belief that the toxic factors of epidemic 
and murine typhus are antigcnically distinct. 


TABLE 3 


Specificity of neutralizing antibodies as shown by absorption of sera 


IMMUNE SERA 

NEUTRALIZING TITER BEFORE 
ABSORPTION 

ADSORBING 

antigen 

TOXIC TACTOR 
USED 

NEUTRALIZING TITER AFTER 
ABSORPTION 

Epidemic 

Murine 

EPIDEMIC 

MURINE 





Epidemic rick- 

Epidemic 

1:40 (c.f. « 






ettsiai anti- 


1:320) 


Ecuador #12 

1:160 (c.f. = 

1:5 


gen 




(epidemic ty- 

1:640) 



Murine rickett- 

Epidemic 

1:160 (c.f. = 


phus) 




sial antigen 


1:640) 



i 

| 



Epidemic rick- 

Murine 


1:40 (c.f. « 





ettsiai anti- 



1:320) 

Sym. #3 (mu- 

1:10 (or less) 

1:40 (c.f. = 

1 

gen 

j 



rine typhus) 


1:320 


Murine rickett- 

Murine 


1:5 (c.f. « 





sial antigen 



1:160) 


and complement-fixing antibodies. 5 Table 3 sum- 
marizes the results which were obtained: 

It will be noted that when the epidemic serum 
(Ecuador $ 12) was absorbed with epidemic ricket- 
tsiae, the epidemic neutralizing titer was reduced 
from 1:160 to 1:40, whereas absorption with the 
same quantity of murine rickettsiae (2 mg./cc.) 

5 It should be noted that the amount of absorbing 
antigen used in this experiment was sufficient only to 
carry out a partial absorption of antibodies from the 
sera. A small quantity of antigen (2 mg./cc.) was 
purposely selected so that any possible differences would 
be apparent in the relative absorptions of the homologous 
and heterologous antibodies. Subsequent experiments 
by PJotz and Snyder have shown that both the heter- 
ologous and homologous antibodies can be removed in 
certain definite proportions by the absorption of sera 
with large amounts of antigen (to be published). 


DISCUSSION 

The foregoing experiments indicate a marked 
separation between the epidemic and murine toxic 
factors, and between their corresponding anti- 
bodies, thus providing another example of anti- 
genic differences in the rickettsiae of epidemic and 
murine typhus. They also demonstrate that there 
is some overlap with low dilutions of serum. This 
parallels the findings of Plotz (2), who has previ- 
ously described the presence of specific comple- 
ment-fixing antibodies induced by infection with' 
the two organisms. 

The existence of two major toxic factors is 
clearly shown by the use of rickettsiae from differ- 
ent sources. Neutralizing titers against the 
“toxin” from the Castaneda murine strain are 
similar to those obtained on the same sera with 
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Wilmington murine “toxin*” Likewise, the neu- 
tralizing titers obtained on each kind of serum 
are of comparable magnitudes when either Breinl 
or Madrid epidemic “toxins” are used. From 
these data (table 2) it is seen that consistent differ- 
ences in neutralizing titer have not been obtained 
when a given serum is tested with different strains 
of the same type of “toxin.” However, within the 
epidemic and murine- categories there are strain 
differences in potency of the toxic factors ( e.g ., 
Madrid epidemic is more toxic than Breinl epi- 
demic). The important difference, which proves 
specificity, is obtained when different types of 
“toxin” are used on the same serum. 

CONCLUSIONS 

1. The toxic factors associated with living 
murine and epidemic typhus rickettsiae and the 
antibodies which neutralize them appear to be 
immunologically distinct. 

2. A comparison of tire titers of complement- 
fixing antibodies and neutralizing antibodies in 
individual immune sera shows considerable corre- 
ation. However, the occasional lack of close 


correlation suggests that the antibodies may not 
be the same. 
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From September 1941 through March 1942 an 
acute illness, unusual by local criteria, appeared on 
the Panama Canal Zone. The following descrip- 
tion of this disease was determined from a study 
of thirty-two white adult patients admitted to a 
medical sendee of Gorgas Hospital. 

INCWSNCE, EPIDEMIOLOGY 

These cases represent but a few of the total 
number and although the exact number of cases 
which occurred on the Isthmus is not known, the 
incidence was great enough to be considered mildly 
epidemic. 

A history of known or probable contact with 
others similarly affected was established in over 
one-half of all cases. Three and four cases respec- 
tively originated from the same domicile. Al- 
though isolation precautions were not employed in 
the hospital cases, only three cases occurred in the 
professional personnel and only one of these had 
had known previous contact with the condition. 
Most of the patients had not traveled into the un- 
sanitated jungle areas for a considerable period of 
time previous to the onset of their illness. A 
consistent history suggestive of a transmission 
vector was not obtained, although in some cases a 
history of having been bitten by mosquitoes previ- 
ous to the onset of their illness was elicited. The 
significance of this finding was impossible to evalu- 
ate since it was not established in the majority of 
cases. In those cases which gave such a history, 
the interval between the time of having been 
bitten and the onset of the illness was obscure. 
The patient’s ability to accurately differentiate 
between mosquito and other insect bites raises a 
serious element of doubt, and no supporting epi- 
demiological field investigations vrere done. 

There wrs no apparent relationship between the 
incidence of the disease and season. On the 
Isthmus of Panama the seasonal variations are 
essential dependent upon the presence or absence 
of rainfall. The “wet season” lasts from Maj r to 
December with the remaining months constituting 

1 Captain, Medical Corps., A.U.S. 
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the “dry season.” Although tw r o-thirds of all 
cases occurred during the transition months of 
December and January, the other cases first 
started to appear in the “wet season” and con- 
tinued to appear in the “dry season.” Therefore, 
no etiological relationship was determined as to the 
seasonal incidence of the disease. 

There w r as no demonstrable relationship between 
the incidence of the disease and the local popula- 
tion distribution. Age and sex groupings, ex- 
clusive of the pediatric group which was not ob- 
served in this study, showed no relationship be- 
tween the incidence or the degree of severity. 

SIGNS AND SYMPTOMS 

The onset, which was sudden in one-half of the 
cases, was frequently marked by a frank chill. 
In the remainder, however, malaise, aches, and 
anorexia preceded the fever by twelve hours to 
.four days. The fever rose rapidly after onset, at 
times reaching its peak for the entire illness within 
the first few r hours. After forty-eight hours, in 
typical cases, there was a definite but usually in- 
complete remission. In those cases in which the 
temperature returned to normal it remained so for 
only a brief interval. This period was followed in 
one or tw r o days by an exacerbation which ter- 
minated by rapid lysis at the tend of the fifth day 
(120th hour). The intensiy of the fever during 
the exacerbation was ordinarily not so marked as 
that during the initial period but this was not 
invariably true. The resulting fever curve showed 
a “saddle-back” configuration (fig. 1). In the 
more severely ill this pattern w T as replaced by a 
continuous spiking fever which, nevertheless, was 
of the same five day duration as in the milder 
cases (fig. 2). Of tw'enty-one patients, who were 
observed for sufficient time to determine the char- 
acter of the febrile course, thirteen presented the 
“saddle-back” pattern. Since only those patients 
whose illness w r as most severe sought hospitaliza- 
tion it is possible that this does not represent an 
accurate picture. The peak intensity of the fever 
in these tw'enty-one cases ranged from 101° to 
105°, with fifteen presenting a maximum of 102° 
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to 103°. Of thirty cases, in which the duration 
of the fever was ascertained, twenty-two tested 
110-130 hours; two 96-110 hours; five 140-150 



Fig. 1. Fever Chart or a Case with a Saddee-back 
Fever 

Interval between onset and admission to 

hospital. 


During tire period of fever remission the patients 
frequently claimed a state of normalcy only to be 
disillusioned by a return of their complaints when 



Fig. 2. Fever Chart or a Case with a Continuous 
Spiring Fever 

-- — Interval between onset and admission to 
hospital. 
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of Dengue-like Fever 


hours; and one terminated after 90 hours without a 
second temperature rise. 

As characteristic as the fever course was the 
parallel variation in the intensity of the complaints. 


the fever rose again. However, the complaints 
rapidly subsided with the final resolution of the 
fever. The most outstanding complaints (fig. 3) 
were malaise, fatigue, generalized aching, headache, 
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Tctrobulbar pain, joint pains, chills, anorexia, 
nausea, and vomiting. The fatigue varied from 
mild tiredness to severe exhaustion and frequently 
persisted as a postfebrile sequela lasting from 
several days to weeks. The body aches, which 
were described as muscular stiffness and soreness 
aggravated by motion, also varied widely in degree 
of severity. In many cases there was specific pain 
localized in the bones, joints, and back, but in 
only one instance was it of the severity described 
as “break-bone.” Ordinarily generalized, in a 
few cases tire headaches were localized in the 
fronto-ocdpital areas. Retrobulbar pain fre- 
quently appeared during Hie second day and was 
usually accompanied by moderate pain incident 
to ocular motion. This, when present, was so 
characteristic as to be considered almost pathog- 
nomonic. Transient cutaneous hyperesthesia, 
which manifested itself with one exception during 
the first day, was mild in degree. Mild to moder- 
ate pruritis appeared, with two exceptions, during 
the fifth to the seventh day. This was usually 
generalized, but occasionally it was limited to the 
extremities, and it never lasted for more than 
twenty-four hours. Mild itching of the conjunc- 
tivas, photophobia, and slight sore throat occasion- 
ally occurred during the first days of the illness. 
The gastrointestinal complaints ranged from mild 
anorexia to protracted nausea and vomiting. The 
abdominal pain was never noteworthy as to loca- 
tion, duration, or intensity. 

All the patients presented a rash. Since some 
were not observed at the onset of their illness it 
was not possible to determine in all cases when 
the eruption began. In twelve patients the rash 
appeared during tire first two days and persisted 
throughout the disease; in ten cases, which were 
admitted on or after the third day, it was present 
on admission; while in eight it was not demon- 
strated until the fourth day, which corresponded 
to the time of the febrile exacerbation. The rash 
first appeared over the trunk, but in one-third of 
the cases it also spread to the extremities after one 
to three days. The face was involved in five 
instances; two initially, two by spread, and one 
simultaneously with the appearance over the 
trunk. Although originally ill-defined, within 
twenty-four hours it assumed a characteristic 
blotchy net-like configuration. It was a macular 
eruption ranging in color from pink to deep scarlet. 
In a few cases, however, it became frankly morbilli- 
form. In tlie cases where the rash appeared early, 


an increase in intensity was frequently noted coin- 
cident with the febrile exacerbation. This was not 
interpreted as evidence of a new or different erup- 
tion. Otherwise, the character of the rash re- 
mained static after the first day. The duration 
varied from three to nine days with tlie majority 
of cases not fading until the seventh to the ninth 
days. No desquamation was noted during the 
postfebrile period. However, observation during 
this interval was frequentty interrupted by early 
discharge from the hospital. 

Petechiac and jaundice appeared among the 
more seriously ill patients. The petechiac, which 
occurred in two cases, appeared over the ante- 
cubital fossae, feet, and ankles on the fourth and 
seventh days respectively. Jaundice, which ap- 
peared in the most seriously ill patient of the 
group, was mild in degree and was not clinically 
apparent until the fifth day. It rapidly subsided 
and was thought to be the result of a transitory 
hepatitis. 

The nasopharyngeal and conjunctival pathology 
consisted of only mild to moderate injection, which 
was in no way characteristic. Lymphadenopathy 
was neither marked nor generalized. The enlarge- 
ment of the cervical, occipital, axillary, and in- 
guinal nodes which were involved singly or in 
groups disappeared by the fifth day. There was 
no splenic enlargement. 

The erythrocyte count and hemoglobin values 
were normal. The leukocyte count varied from 
2000 to 8000 per cu. mm. Eleven of the cases 
had a leukopenia of 4500 per cu. mm. or less. In 
the majority of instances this appeared on the third 
or fourth day.‘ A relative lymphocytosis of more 
than 40 per cent was found in sixteen cases during 
the period of leukopenia. The urine was normal 
and there was no increase in the sedimentation 
rate. Cultures of blood, urine, feces, and the 
Weil-Felix reaction were done in a few cases with 
negative results. 

DISCUSSION 

In 1912 Beverly and Lynn (1) reported sixty 
cases of dengue from the Isthmus of Panama. 
This report stated that dengue had been noted 
previously in this area in 1904. Their description 
was similar to the one noted here but the incidence 
and degree of lymphadenopathy was more marked. 
They made no reference to a biphasic fever or of 
the complaints showing a characteristic corre- 
sponding variation in intensity. A total of one- 
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hundred and four cases of dengue have been re- 
ported by the hospitals of the Panama Canal from 
1907 through 1941 (3). Of these, eighty-three 
cases were first reported in 1912. The remainder 
were distributed sporadically with no more than 
six cases being reported in any one year. No 
cases have been reported since 1924. Deeks (2) 
reported a six-day fever from this region in 1914 
which has been classified as dengue-like (5). The 
absence of joint pains, lymphocytosis, and the 
presence of splenomegaly with polymorphonuclear 
leukocytosis separate tire six-day fever from the 
condition reported here. Additional contrast is 
afforded by the fact that the rash in the fever 
described by Deeks was petechial and did not 
appear until one to two days after the temper- 
ature had returned to normal. 

Dengue has been clinically defined as a disease 
characterized by „ a very sudden onset; severe 
pains in the muscles, bones, and joints; marked 
leukopenia; a rapidly rising temperature, followed 
by a recession on the third or fourth day, a second- 
ary rise, and a critical fall to normal or below 
normal on the fifth, sixth, or seventh day, a typical 
skin eruption usually appearing during the second- 
ary rise in temperature or just before the crisis of 
the fever; and by marked prostration, both mental 
and physical (4).” The similarity between this 
definition and the entity described in this paper 
is apparent, but some of its characteristics were at 
variance with those which have been described as 
typical for dengue. There was no apparent di- 
vision of the associated rash into a ’‘primary” and 
“secondary” eruption. The initial eruption of 
dengue occurs at the onset of the fever and is said 
to be evanescent in nature (4). Most of the cases 
observed in this series were not seen during the. 
early hours of their illness and this was judged to 
be the probable explanation for not having noted 
a typical dengue initial rash. However, the second 
or characteristic rash in dengue does not appear 
until the fever remission and usually not until the 
secondary fever rise (5). In these cases the erup- 
tion, which persisted throughout the illness, ap- 
peared during the first two days in twelve cases. 
If Uiis eruption is to be considered the initial rash 
of dengue, then in over one-third of the cases the 
first eruption either merged with the second in 
such a manner that they could not be separated 
or the terminal eruption did not appear and the 
initial one was prolonged. This was the situation 
observed by Siler (7) in 19 per cent of experimental 


dengue cases. The terminal eruption of dengue is 
said to first appear over the hands and feet and 
spread in a centripetal manner, but in the cases 
described here the eruption appeared over the 
extremities in only one-third of the cases, and the 
spread was definite!}' from trunk, to extremity. 
Bradycardia, which has been described as oc- 
curring during the terminal days of the fever and 
convalescence in dengue (5, 6) was not observed. 
Lymphadenopathy has been reported as being 
prominent in dengue (7). In sixty cases of experi- 
mental dengue Simmons (S) observed cervical and 
inguinal lymphadenopathy in forty and twenty- 
one cases respectively, wliile in this group of 
thirty-two cases only five developed slight lymph 
node involvement. Craig (4), however, states that 
in his experience the lymph nodes in dengue were 
not enlarged, although he notes that other authori- 
ties had observed enlargement. 

The condition described here presents some 
variations from the characteristics which have been 
considered typical of dengue. Yet both Manson- 
Bahr (6) and Craig (4) make mention of the vari- 
ability of the symptomatology of dengue as re- 
ported in various epidemics and in different degrees 
of severity. The differentiation between dengue 
and dengue-like fevers is difficult and must remain 
an open issue until such time as clinical obser- 
vations are supplemented by laboratory investi- 
gations. 

SUMMARY 

1. A dengue-like fever occurring on the Isthmus 
of Panama during 1941 and 1942 is described. 

2. Some of its characteristics are compared with 
those definitive for dengue and other local febrile 
entities. 
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Although filariasis of the bancroftian type has 
proved to be a much less serious problem to the 
military than it appeared likely to become soon 
after the beginning of World War II, it remains 
an ever-present infection in a considerable per- 
centage of the native population of tropical areas. 
Because of the frequency with which serious symp- 
toms or complications arc seen in those native 
persons who harbor the infection, methods of con- 
trolling or eradicating filariasis have long been 
greatly needed. Unfortunately, the preventive 
measures used so successfully, b}' and large, by 
the' military for the protection of its personnel 
would hardly suffice for stamping out the disease 
from civilian communities, in part because of the 
difficulty in rigorously enforcing such measures 
among civilians, as would be required over a long 
period. The fact, too, that among the native 
groups one has not only to prevent new infections 
but also to control or eliminate those which have 
been long-established adds to the general com- 
- plexity. A significant step toward resolving the 
problem would follow the discovery of specific 
means whereby every infected individual in a com- 
munity could be freed of the disease. Progress in 
this direction has been reported in recent years 
by several groups of investigators, usually through 
the administration of antimony-containing drugs 
(1, 2). During April and May, 1944, the authors 
treated in Puerto Rico, West Indies, a number of 
filaria-infected patients with neostibosan, a com- 
pound of pentavalent antimony. One report, from 
data obtained through six months after the cessa- 
tion of treatment, has already appeared from the 
work (3). The present paper offers data on the 
same group of persons from observations through 
twelve months from the end of treatment. 

3 The work described in this paper was done in part 
under a contract, recommended by the Committee on 
Medical Research, between the Office of Scientific Re- 
search and Development and the College of Physicians 
and Surgeons, Columbia University. 
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GENERAL PROCEDURES 

The procedures and methods followed have al- 
ready been described in detail in the first report 
of this work (3), but will be reviewed here briefly. 

The patients . — All of the patients were native 
Puerto Ricans infected with Wuchereria ban cr of it. 
Those less than 18 years of age (see tables) were 
students at insular homes for children near San 
Juan. Those 18 years old or more were outpa- 
tients of University Hospital at the School of 
Tropical Medicine in San Juan. All were free of 
symptoms of filariasis except one individuail (No. 
13, table 1), who had had periodic chyluria for 
several years. All the thirty treated patients 
(except No. 13, who was hospitalized), as well as 
the fifteen in the untreated control group, were 
engaged in their usual activities as students or as 
workmen throughout the period of treatment. 

The administration of drug . — During the first 
week of treatment, all patients were given three 
injections of neostibosan on alternate days, the 
first usually containing 50 mg., the second 100 or 
150 mg., and the third 300 mg. of drug. There- 
after 300 mg. of drug were given in single doses 
daily or on alternate days until treatment ended 
in 33 to 48 days. All injections were given intra- 
venously. 

The estimation of microfilariae . — The number of 
parasites in 60 cmm. of nocturnal finger blood was 
determined before treatment began, at frequent 
intervals during the course of treatment, and every 
month thereafter for a period of one year — except 
in twelve persons. Observations were stopped in 
twelve of the patients after nine months, these 
persons, in whom the first course of therapy had 
been apparently ineffectual, being then subjected 
to a second course of treatment. Similarly, noc- 
turnal blood samples (60 cmm.) were obtained at 
intervals over a period of fourteen months from 
the fifteen untreated control patients. The blood 
samples were let diy on microscope slides, then 
dehemoglobinized in water, and stained with Bui- 
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lard's hematoxylin. The total number of para- 
sites in each sample was determined by searching 
the entire film under 100 X magnification. 


the 12 remaining treated patients, who were ob- 
served for only 9 months, microfilariae declined by 
the ninth month from 4 to 74 per cent compared 


TABLE 1 


Microfilaria counts in thirty patients with filartasis ( Wuchcrcria bancrofti) treated with neostibosan 


CASE NO.* 

ACE 

SEX 

WEIGHT 

CHAWS 

or 

DRUG 

GIVEN 

INTERVAL 

or 

TREAT- 

MENT 

NUMBER OF MICROFILARIAE IN 60 C.MW. BLOOD FROM 
TREATED PATIENTS AT DESIGNATED TIMES 

MICROFILARIA 
LEVEL, % 
CHANGE, ENTIRE 
PERIOD or 
OBSERVATION 

Before 

treat- 

ment 

At end 
of 

treat- 

ment 

Months after end of treatment 

2.5 

\ 6.0 

9.0 

12.0 




lbs . 


days 








1 LET 

11 

F 

60 

7.2 

40 

3 

0 

0 

0 

0 

0 

-100 

2 MR. 

8 

F 

50 

4.6 

33 

9 

0 

0 

0 

o ! 

0 

-100 

3 VR 

10 

F 

48 

5.8 

33 

! 24 

6 

0 

0 

0 1 

0 

-100 

4 AEB 

16 

F 

106 

7.2 

40 

15 

36 

8 

0 

o ! 

0 

-100 

5 RT 

14 

F 

100 

7.2 

40 

j 41 

36 

9 

0 

0 

0 

-100 

6 DG 

12 

M 

73 

7.5 

39 

21 

51 

6 

0 

o 

0 

-100 

7 JT 

17 

M 

134 

8.1 

39 

27 

42 

27 

0 

o 

0 

-100 

8 CIR 

13 

F 

102 

7.2 

1 40 

216 

204 

141 

6 

o 

0 

-100 

9 EMD 

18 

M 

138 

10.4 

47 

18 

42 

21 

2 

0 

0 

-100 

10 MSC 

26 

M 

112 

10.5 

47 

150 

120 

66 

10 

0 

0 

-100 

11 GM 

15 

M 

114 

8.1 

39 

33 

15 

15 

10 

i 

0 

-100 

12 JG 

13 

M 

79 

8.1 

39 

255 

204 

57 

14 

3 ; 

0 

-100 

13 CP 

21 

M 

125 

7.6 

48 

15 

61 

— 

1 

2 

0 

-100 

14 CAR 

15 

F 

93 

6.8 

40 

231 

207 

81 

21 

4 

1 

-99 

15 JOA 

20 

M 

133 

9.2 

54 

S2 

8 

91 

52 

13 i 

1 

-98 

16 OA 

21 

M 

146 i 

7.2 i 

38 

36 

12 

0 I 

1 

1 

1 ; 

-97 

17 JL 

13 

M 

76 | 

7.5 

39 

297 

294 

171 

111 

28 

18 

-93 

18 PB 

11 

M 

58 j 

6.9 

39 1 

177 

96 

114 

111 

104 

22 

-87 

19 CD 

16 

F 

112 

7.1 ! 

40 1 

120 

126 

72 

42 

31 

t 

-74 

20 JR 

16 

F 

85 

6.0 

40 ! 

154 

129 

138 

81 

69 

t 

-55 

21 FG....... 

13 

M 

71 

8.1 

39 

630 j 

624 

345 

217 

284 

t 

-54 

22 ME 

16 

F 

102 

6.9 

40 ! 

136 

126 

111 

49 

65 

t 

-52 

23 MN 

12 

F 

74 

6.5 

40 

27 

54 

IS 

12 

13 

t 

-51 

24 CF 

8 

F 

52 

6.4 

33 

123 

93 

90 

109 

65 

t 

-47 

2510. .. . 

14 

F 

138 

7.2 

40 

129 

156 

84 

87 

71 

! t 

—44 

26 GG.. . . 

14 

F 

140 

7.0 

40 

216 

255 

180 j 

199 

! 139 

f 

-35 

27 VG 

16 

F 

118 

6.2 

33 

54 

55 

66 

121 

1 47 

! t 

-12 

28 HRR 

11 

M 

56 

7.3 

33 

18 

9 

9 j 

15 

16 

t 

-11 

29 DR 

13 

M 

76 

8.1 

40 

72 

120 

72 j 

39 

! 67 

t 

-6 

30 BM 

14 

F 

91 

7.1 

40 

78 

87 

90 j 

* 

56 

; 75 

I 

i t 

-4 


* All the patients presented in this table were also presented in a previous report (3) after six months of obser- 
vation except No. 15 who is substituted for No. 15 of the earlier paper, who left the institution in which the work 
was done and is no longer available. 

f These patients were retreated after observation for 9 months following the initial course of drug. 2 


RESULTS 

Twelve months from the end of the period of 
treatment, 13 of the 30 treated patients had ap- 
parently lost all their microfilariae and 5 had lost 
between 87 and 99 per cent of the microfilariae 
which were present before treatment began. In 


to the number present before treatment. 2 The 
data on all 30 treated patients are given in table 1. 

2 After observation for the period of 9 months, these 
12 patients were retreated, drug being given more in- 
tensively than during the initial course of therapy. A 
number of these patients are now negative for micro- 
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Of the control group, 3 of 15 patients presented 
decreases of from 31 to 80 per cent in the micro- 
filaria level during 14 months, and 12 presented 
increases in this level ranging from 3 to 1200 per 
cent. The data on the 15 control patients are 
shown in table 2. 

None of the patients was significantly affected 
adversely by the treatment. About half the 30 
treated persons exhibited occasional nausea or 
emesis, especially in the first week or ten days of 
treatment. Four subjects presented low-grade 
fevers later in the course of therapy. In no pa- 


filariasis. By the end of the course pf therapy, 
little or no change had occurred in the microfilaria 
levels of patients. Two and one-half months later, 
however, about 75 per cent of the treated patients 
showed a small but definite decrease in the number 
of circulating parasites. As more time elapsed, 
microfilaria levels either continued to decline or 
were maintained. After 12 months, 13 patients 
had apparently lost all microfilariae and 5 others 
gave promise of soon doing so. On the other hand, 
12 patients (40 per cent of those treated) exhibited 
after 9 months — for reasons thus far not apparent 


TABLE 2 

Microfilaria counts in fifteen untreated control patients with filariasis (IVuchcreria bancrofti) ' 





NUMBER OF MICROFILARIAE IN 60 C.MM. OF BLOOD AT DESIGNATED TIMES 

MICROFILARIA 

LEVEL, 

CASE NO.* 

AGE 

WEIGHT 

First 

examina- 

tion 

After 

1 month 

After 

6 months 

After 

9 months 

After 

12 months 

After i 
14 months 

PERCENTAGE 
CHANGE, ENTIRE 
PERIOD OF 

observation 

1 FN 

13 

lbs. 

85 

45 

1 

21 

27 

45 

15 

9 

—80 

2 SR 

14 

124 

63 

3 

22 

53 

37 

23 

-63 

3 MR 

14 

82 

360 

353 

318 

496 

568 

248 

-31 

4VMO 

t 12 

90 

309 


333 

343 

239 

319 

4-3 

5 LS 

14 

69 

135 

153 

162 

202 

143 

140 

4-3 

6LT 

17 

115 

27 


31 

82 

53 

37 

+37 

7 VG 

# 12 

78 

27 

31 

36 

73 

32 

40 

+47 

S MR i 

12 

90 

315 

285 

333 

656 | 

297 

472 

+49 

9 GM 

14 

96 

36 

60 

58 

92 | 

51 

69 

+91 

10 JM ; 

9 1 

57 

87 


176 

270 | 

369 

198 

+127 

11 JF ; 

16 

120 

3 

6 

6 

19 | 

13 

7 i 

+133 . 

12 FV 

12 

63 

6 

6 

9 

7 

9 

17 j 

+183 t 
+222 

13 VB 

14 

102 

i 

9 

6 1 

' \ 

13 

31 

15 

29 

14 FV 

14 

96 

27 

31 i 

55 

83 

133 

90 j 

+233 

15 JR 

8 

56 

3 


15 

37 

34 

39 

+1200 


* All are males. 


tient, however, was it necessary to discontinue the 
drug, although occasional injections were omitted. 
In the 12 months since treatment ended, no pa- 
tient has exhibited any symptom whatsoever which 
could be interpreted as an untoward effect of the 
treatment, 

discussion 

One of the most significant points shown by the 
data of table 1 is the tardiness with which the effect 
of treatment with neostibosan became apparent in 

filariae and all have shown a substantial decline in the 
number of circulating parasites. The data following 
the second course of therapy in these patients will be 
presented in a separate communication. 


— only small likelihood of ever losing all micro- 
filariae as the result of the initial course of drug. 

The simplest explanation for this tardy loss of 
microfilariae is that the neostibosan acts, not di- 
rectly on the microfilariae, but chiefly on the adult 
parasites. It would seem that, as a result of the 
death.of the adult worms, the production of em- 
bryos ceases; the number of microfilariae in the 
blood then gradually declines, therefore, since 
those circulating embryos which are being lost 
are not replaced. Evidence for this circumstance 
following chemotherapy of filariasis in an experi- 
mental animal has already been presented (4). 

It is also significant that in the case of no pa- 
tient have symptoms suggestive of early elephan. 
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tiasis appeared following treatment. Some years 
ago O’Connor (5) suggested that elephantiasis 
results from an inflammatory response by the host 
to the presence of dead filarial worms. Largely 
following this thought, some present authorities in 
filariasis have questioned the wisdom of chemo- 
therapy in this disease, fearing that by killing adult 
parasites, one would provoke the identical serious 
symptoms of elephantiasis which it is hoped to 
prevent through treatment. The thirteen patients 
negative by treatment in the present series, if fol- 
lowed for some years, may make possible an ade- 
quate evaluation of the essential danger, if any, 
in the chemotherapy of this disease. 

In the earlier report on these patients (3), the 
authors cautioned that the effect of treatment 
might be distinctly temporary and that, with pas- 
sage of time, the infection might relapse and micro- 
filariae reappear in the blood of the seven patients 
who had become negative at that time. How t - 
ever, none of these seven patients has shown micro- 
filariae at any time in the additional six months of 
observation. Tw*o individuals of the present group 
of thirteen negative patients have now’ been nega- 
tive for microfilariae for twelve months — i.e., since 
treatment ended. It seems quite likely that reap- 
pearance of microfilariae at some future time, at 
least in the two patients just referred to, could be 
accounted for only on the basis of a reinfection of 
these patients. Evidence is apparently accumulat- 
ing from this w’ork to indicate that once the micro- 
filariae have disappeared from patients following 
treatment with neostibosan, the filarial infection 
is entirety eradicated and is not subject to relapse. 

SUMMARY 

Thirty patients infected with Wuchcrcria ban - 


crojti W’ere treated with neostibosan for from 33 to 
48 days. After twelve months, 13 of tire patients 
w r ere free of circulating microfilariae and 5 others 
had lost from 87 to 99 per cent of their embryos, 
compared with the number in the blood before 
treatment. The twelve remaining patients showed 
little promise of eventual eradication of their infec- 
tions after observation for nine months. 

Of 15 control untreated patients infected with 
Wuchcrcria bancrofii^ all remained infected for 
14 months of observation. In this interval, 12 
showed an over-all increase and 3 showed a decrease 
in tire number of circulating microfilariae. 

Among the treated patients, some of wliorn had 
been free of microfilariae for 12 months, none pre- 
sented untoward symptoms referable to treatment. 
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HYPERENDEMICITY OF SCHISTOSOMIASIS JAPONICA ON LEYTE ISLAND, P. I. 
F. Bang , 1 M. S. Ferguson , 2 N. G. Hairston , 3 and O. H, Graham* 


The presence of human infections by the blood 
fluke Schistosofm japonicum on Leyte Island was 
first reported by Garrison in 1907 (1). From a 
survey of Leyte and other islands reported in 
1941, Tubangui and Pasco (2) estimate that 20% 
of the people living in an endemic area arc infected 
with schistosomiasis. 

Our surveys of five barrios located on the eastern 
side of Leyte during April and May 1945 revealed 
that over 80% of the children 10 years of age or 
older can be proven positive on the basis of only 
one stool examination if the sedimentation tech- 
nique is used. Since repeated stool examinations 
would increase the per cent found positive and 
since chronic eases of schistosomiasis often produce 
negative stools for long periods of time, it is our 
belief that everyone living in the endemic areas of 
Leyte becomes infected before reaching the age 
of 15. This conclusion is supported by the habits 
of tire people. They bathe, wash and wade in 
infected streams almost every day. 

Table 1 is a summary of the data obtained from 
tire barrios of Guinarona and Tabontabon (Munci- 
pality of Dagami), the barrio of Limbujan (Munci- 
pality of Tanauan) the barrio of Union (Muncipal- 
ity of Dulag) and the barrioj[U}f Tarragona 

1 Captain, M.C., USA. 

• Captain, SX.C., A.U.S. 

* 1st Lieutenant, Sn.C, A.U.S. 

4 Captain, Sn.C., A.U.S. 


(Muncipality of Abuvog). One stool examination 
was made on each individual. If no ova were 
found in a direct smear a portion of the faecal 
sample was sedimented and one examination 
made. The presence of mature ova was tire 
criterion for a positive diagnosis. 

Adults as a group had a lower percentage of 
infection than tire children. This difference is 
statistically significant and is not explained by any 
predominance of adults examined in one barrio. 


TABLE 1 

A$,c and sex distribution of 5 . japemiam infections 


ac r 

&UIXS 

i 

J rrvuixs 

1 _ i 

| ccvrnisri) 

No. ! 

fttidifr! | 

Te t>o*. ! 

1 No. i 
| t\K Jic4; 

j ~ |v*. 

! i 

| No, i 
• ftudiri j 


0-2 

4 ; 

25 

6 j 

0 

10 j 

10 

3-5 1 

4 

25 

6 ! 

50 

i° j 

40 

6-10 

5S 

77 

5S ; 

79 

116 1 

78 

11-15 

42 ! 

ss ! 

50 ! 

80 

! 101 ! 

84 

16 plus 

38 j 

71 ! 

51 | 

64 

i 

! 80 j 

67 


It may reflect the immunity known to develop in 
other parasitic diseases. 
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TRANSFUSIONS OF RED CELLS IN MALARIA 
An Experimental Study in Ducks 1 
R. H. Rigdon and Nona B. Varnadoe 
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The anemias both acute tmfi rimomc asseuuted 
with malarial infections in man frequently are 
significant. The acute anemia accompanying P. 
hiowlcsi infection in monkeys is considered to be 
the basis for the development of tire pathological 
changes (1). The acute lesions in the duck in- 
fected with P. lophurac also are considered to be 
the result of the acute and the severe anemias (2). 
The pathological lesions observed at autopsy in a 
child infected with P- falciparum are similar to 
those found in fatal cases of shock (3). The shock 
is considered to be secondary to the acute anemia 
resulting from the rapid destruction of the red 
cells by the plasmodia (3) . The lesions at autopsy 
are similar in monkeys infected with P. knowlcsi, 
ducks infected with P. lophurac and a child infected 
with P. falciparum. • 

A decrease in the number of red cells, accom- 
panied by a diminution in hemoglobin, is a char- 
acteristic feature of all types of acute malarial 
infections according to Hewitt (4). This fact was 
demonstrated in birds by Ben-Harel (5), Young 
(6), and Terzian (7). Hill concluded from her 
studies on pigeons infected with P. relictum that 
death resulted from the anemia (8). 

The significance of shock in P. falciparum infec- 
tion is indicated by the studies of Rigdon (1-3) and 
Kean and Smith (9). The presence of shock in 
cases of malaria suggest the possibility that trans- 
fusions may be of value in the treatment of certain 
cases of malarial infection. Kean and Smith (9) 
emphasized the results they obtained by treating 
certain of their patients for shock along with the 
use of specific therapy for the plasmodium. Red 
cells appear to be indicated in the treatment of the 
shock in such cases in preference to plasma. Al- 
though it may be that factors other than those 
resulting from the acute anemia play a role in the 
production of the clinical manifestations in acute 
cases of malaria it appears at the present time that 

1 Aided by a Grant from the John and Mary R. 
Markle Foundation. Research paper 575 Journal 
Series, University of Arkansas. 


refi cells would be preferable To combat shock m 
these cases of acute malaria. 

A group of ducks infected with P. lophurae were 
used to observe the effect of transfusions of red 
cells upon the course of their infection. The results 
of this study are reported in this paper. 

METHODS AND MATERIALS 

P. lophurae was the strain of malaria used to 
infect 20 white Pekin ducks. These birds varied 
in age from two to twelve weeks. The blood used 
for the inoculum was obtained from the heart of 
highly parasitized birds. It was diluted with an 
equal amount of a 2.0% solution of sodium citrate 
in physiological saline. One half cubic centimeter 
of this citrated blood was given intravenously into 
a leg vein. There were approximately 300 para- 
sitized cells per 500 red blood cells in the donor 
birds at the time of bleeding- The parasitemia was 
followed by counting the number of parasitized 
cells in 500 red cells. Blood for these counts was 
obtained from the legs and web of the feet. The 
smears were stained with a combination of Giemsa’s 
and Wright’s stains. The total red cell counts 
were made by standard methods. Hayen’s fluid 
was used for the diluent. Reticular counts were 
made on the same smears used for the parasite 
counts. A young cell wns considered to have a 
round and larger nucleus than an adult cell. The 
cytoplasm of these young cells stained a reddish- 
blue when compared vdth the normal adult 
erythrocyte; 

Blood used for transfusions was obtained from 
the heart of normal adult ducks. This blood was 
diluted with an equal amount of a 2.0 per cent 
solution of sodium citrate in physiological saline. 
The blood was kept in the ice box during the time 
that it was used. In the latter transfusion experi- 
ments a greater number of red cells was obtained 
by centrifuging the citrated blood and removing a 
part of the plasma. Seventy cubic centimeters of 
the plasma were added to thirty cubic centimeters 
of packed red cells. 
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TABLE 1 

Data on transfused pnd non-transfused ducks 


BIRD 

NUM- 

BER 

NUMBER OP 
PARASITIZED 
CELLS AT 
PEAK PER 

500 R B C 

; i 

TIME 

PEAK 

REACHED 

TIME OF 
DEATH 

f 

DROP IN 
NUMBER OF 
PARASITES 
FOLLOWING 
PEAK 

. . 1 

interval 
between 
LAST COUNT 
AND DEATH 

TRANS- 

FUSION 

REMARKS 

172 

460 

days 

9 

days 

Rilled 13th 

+ 

i 

1 

+ 

Count was 425 on 7 tli day — 240 on 8th and 
460 on 9th. Blood diluted with citrate. 

174 

370 

6 

7 

+ 

1§ hrs. 

+ 

Blood was diluted with citrate. 

176 

415 

6 

6 

+ 

immedi- 

ately 

+ 

Blood was diluted with citrate. 

179 

375 

5 


+ 

1 hr. 

+ 

Killed by giving too much blood on the 7th 
injection. Blood was diluted with citrate. 

181 

410 

5 ’ 


+ 

1 hr. 

+ 

Died after 2 cc. blood injected at the time 
of first transfusion. 

184 

415 

6 

7 

+ 

3 lirs. 

+ 

Blood was concentrated. 

'l93 

460 

6 

Killed 21st 

+ 

i 

+ 

Blood was concentrated. 

487 

430 

6 

9 

+ 

20 hrs 

+ 

Blood was concentrated. 

488 

425 

6 

7 

+ 

10 hrs. 

■ 

+ 

Blood was concentrated. 

489 

445 

6 

8 

+ 

14 hrs. 

+ 

Blood was concentrated. 

608 

375 

6 

Killed 31st 

+ 

i 


+ 

Blood was diluted with citrate. 

495 

265 

7 

7 

0 1 

3 hrs 

0 

This bird died with a lower parasitemia and 
more red cells than any other bird. 

496 

375 

7 

8 

1 

0 1 

12 hrs. 

0 


497 

425 

7 

8 

0 

12 hrs. 

0 


580 

380 

5 

Discarded 
13th day 

+ ! 


0 


582 

355 

5 

6 

+ 

4 hrs. 

1 0 


586 

490 

6 

7 

+ 

6 hrs 

0 


587 

490 

7 

7 

0 

6 min. 

0 

. 

588 

495 

6 

6 

+ 

20 min. 

0 


589 

405 

6 

7 

+ 

6 hrs. 

0 

V 


The amount of blood used at each transfusion, 
the number of transfusions and the time at which 
they were given varied with the different ducks. 


A duck weighing 750 grams was given three trans- 
fusions of 10.0 cubic centimeters each within a 
period of 21 hours. The blood was injected slowly. 
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EXPERIMENTAL 

The course of the parasitemia and the red cell 
counts were followed in nine ducks. The graph as 
shown in figure 1 illustrates the typical type of 
parasitemia and the anemia observed in these 
ducks that succumb to the infection. The number 


TABLE 2 


1 

EXPERIMEN- 
TAL DAY 1 

! 

TIME 

RED BLOOD 
CELLS 

PARASITIZED 
CELLS PER 

500 RED BLOOD 
CELLS 

2 ! 

A.M. 

2,300,000 

11 

3 

A.M. 

2,290,000 

3S 

4 

9:30 A.M. 

2,220,000 

87 


3:30 PM. 

2,190,000 

150 

5 

9:30 A.M. 

1,S30,000 

235 


3:30 P.M. 

1,800,000 

360 

6 

9:30 A.M. 

1,360,000 

450 


4:00 P.M. 

990,000 

370 


9:15 P.M. 

580,000 

375 


! 11:15 P.M. 


360 

7 

1:15 A.M. 


375 


3:30 A.M, 


350 


6:15 A.M. 


300 


9:30 A.M. 

430,000 

230 


4:40 P.M. 

Dead 




Fig. 1 . Duck 5S9 — A typical curve showing the de- 
crease in the number of red cells and the rapid increase 
in the degree of parasitemia. The number of para- 
sitized cells decrease following the peak of the infection. 

of parasites present at the peak of the infection, 
the time at which the peak is reached and the time 
of death of all the ducks are shown in table 1. 
There is a severe and a rapidly developing anemia 
in all infected birds. In a majority of the ducks 
the number of parasites decrease preceding the 


time of death. This diminution in the number of 
parasites follows the drop in the erythrocyte 
count The interval varies from 2 to 24 hours. 
Only one bird, number 495, died with a low parasite 
count and a relatively high red cell count. The 



Fig. 2. Duck 580 — There is a rapid replacement of 
red blood cells in the ducks that survive a severe malarial 
infection. The relation to the parasitemic curve is 
similar in the ducks that survive to those that die as 
illustrated in figure 1. 


TABLE 3 


EXPERIMEN- 
TAL DAY 

TIME 

RED BLOOD 
CELLS 

PARASITIZED 
CELLS IN 500 RED 
BLOOD CELLS 

2 

10:15 A.M. 

3,070,000 

24 

3 

10:15 A.M. 

2,420,000 

HP 

4 

10:15 A.M. 

2,140,000 

KBl 

5 

10:15 AM. 

960,000 

BBS 


2:15 P.M, 

890,000 

Bill 


9:30 P.M. 

i 



11:00 P.M. 


325 

6 

10:15 A.M. 

790,000 

185 


3:00 P.M. 

400,000 

175 

7 

9:15 AM. 

350,000 

37 

8 

9:30 P.M. 

i 

5 

9 

A.M. 

1,140,000 

few 


i P.M. 

i 

0 

10 


1,580,000 

0 

11 


2,010,000 

0 

12 


2,170,000 

0 

13 


2,660,000 

0 


parasite peak for all the birds is between 355 and 
490 per 500 red cells. 500,000 erythrocytes is con- 
sidered to be the approximate number at the time 
most of the birds die. There is not an absolute 
parallelism between ' the number of parasitized 
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cells, the severity of the anemia, and the time of to 350,000 cells. The number of parasitized cells 
death; however in the ducks in which the complete rapidly decreased and none was demonstrated in 
data are obtained these factors are very closely the peripheral blood four da}'s after the peak of 
rdated. The protocol (table 2) on duck 599 the infection. The number of erythrocytes rapidly 
illustrates this. increased and seven days after the time of the 

TABLE 4 
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gressively decreases following the peak in all the 
ducks used in this experiment. 

EFFECT OF TRANSFUSIONS TOON THE COURSE OF THE 
PARASITEMIA IN P. EOPHURAE INFECTION 
IN THE DUCK 

Eleven ducks with malaria were transfused. 
Duck 181 died after 2,0 cc. of blood was injected. 
Duck 179 died during the time of injection. This 
bird was given 30 cc. during the preceding 12 hours 
and died after receiving approximately 14 cc. at a 
single injection. Three, numbers 172, 193, and 
608, of the remaining 9 ducks given transfusions 



Fig, 3. Duck 193. The development of both the 
anemia and the parasitemia is influenced by the intra- 
venous injection of large amounts of normal blood. 
The number of parasites decrease following the peak 
of parasitemia, however, the rate is greatly modified. 
The time of the occurrence of the decrease in the number 
of red cells follows the original decrease in the number 
of parasites. In the normal bird the red cells decrease 
preceding the time of the fall in the parasite count. 
The relation of the parasitemia to the anemia in the 
terminal phase of the infection is similar to that in any 
bird that survives. 

survived the infection (table 1). All the birds 
appeared greatly improved almost immediately 
following a transfusion. The greatest improve- 
ment occurred in the most anemic birds. There is 
no question of immediate improvement in the 
appearance of the birds following the transfusion. 
This is indicated in the protocol *on duck 193 
Stable 4), 

The protocol on bird 193 shows the quantity of 
blood necessary to keep the red cell count constant. 
The duck weighed 827 grams and was given 65 cc. 
of blood containing 30 cc. of packed cells in 70 cc, 
of plasma during an interval of 4S hours. Duck 
580 showed a decrease of 1,1 SO, 000 red blood cells 


during a period of 24 hours when the parasitemia 
was 230 to 380 per 500 red blood cells (fig. 2). 

The effect of transfusions on the course of the 
parasitemia in duck 193, is shown in figure 3. This 
shows a typical curve for the normal increase in 
the parasitemia. On the sixth day the peak was 



Fig. 4. Duck 4S9. The number of red cells and 
parasites increase following the transfusion. Appar- 
ently an insufficient amount of blood was given to this 
duck. The relation of the fall in red cells to the drop 
in the number of parasitized cells is the same as that in 
a non- transfused bird. 



Fig. 5. Duck 174. The amount of blood given to 
this duck did not influence either the course of the 
anemia or the parasitemia. To influence the course of 
the parasitemia a sufficient quantity of blood must be 
given to inhibit the development of the anemia. 

reached and the number of parasites rapidly de- 
creased during the following 24 hours to a level of 
240 parasitized cells. At tin’s time tire number 
of parasitized cells slow!}' increased over a pe- 
riod of 24 hours to reach 370. The number of 
parasitized cells rapidly decreased for five days at 
which time none were present in the circulating 
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blood. The second rise in the parasite count fol- 
lowed the transfusions. The final drop in the 
number of parasitized cells occurred 24 hours fol- 
lowing the decrease in the number of red cells. 
This second drop in the number of parasitized cells 
is identical with the drop that occurs in birds that 
are not transfused as shown by duck 580 in figure 2, 
Duck 489 (fig. 4) shows a second peak following 
transfusion which is greater than the first. 

Some of the birds given transfusions failed to 
show any variation in the course of the anemia 
and the parasitemia as shown by duck 174 in 
figure 5. The amount of blood injected apparently 
w r as insufficient to produce an increase in the total 
red count in the presence of the severe malarial 
infection. Death occurred following the typical 
decrease in the number of erythrocytes and in the 
number of parasitized cells in the ducks given small 
amounts of blood the same as it does in untreated 
birds. 

The young cells rapidly increase in number fol- 
lowing the anemia in the ducks that survive the 
infection. It is interesting to observe the rapidity 
in which these young cells become mature (fig. 3) m 

DISCUSSION 

The number of ducks transfused and the number 
of survivals in this experiment are too few to be 
of statistical significance. The results do show, 
however, that the course of P. lophurac infection 
in ducks may be changed by the injection of duck 
blood. Furthermore these studies indicate that a 
large number of red cells are destroyed within a 
short interval by P. lophurac when the parasitemia 
is high. 

It is also shown in these results that the number 
of parasites may be kept at a high level provided a 
sufficient quantity of normal red blood cells are 
injected to keep the total erythrocyte count within 
the range of normal. Duck 193 illustrates this 
fact. The decrease in the number of parasitized 
cells following the peak of the infection has been 
considered by many investigators to be a mani- 
festation of immunity. Ben-Harel (5) in dis- 
cussing this problem of phagocytosis says, “It 
would therefore seem probable that the great 
reduction in the number of parasites is due to their 
actual destruction by fixed tissue cells, as w T ell as 

by the circulating phagocytes Phagocytosis is 

probably the most important factor in causing the 
disappearance of the parasites from the peripheral 
circulation.” Apparently there is no reason why 


phagocytosis could not progress normally in ducks 
given transfusions and thereby deplete the blood 
stream of parasitized red cells. Since this does not 
occur it is suggested by this study that factors 
other than phagocytosis may be significant in 
producing the decrease in the parasitemia following 
the peak of the infection. 

The pathological lesions occurring in ducks in- 
fected with P. lophurac are similar to those occur- 
ring in shock (2). It has been suggested that this 
shock results from the destruction of the red cells 
by the parasites. It may be that this anoxia is 
detrimental to the parasite as well as to the host. 
Marvin and Rigdon (10) have showm recently that 
the quantity of glucose decreases preceding death 
in dudes with a severe malarial infection. This 
diminution in glucose likewise may contribute to 
the failure of multiplication of the parasites fol- 
lowing the peak of the infection. The studies of 
Russell and Mohan (11) indicate that certain im- 
mune substances develop in birds infected with 
certain of the plasmodia. The mechanism of their 
effect in malarial infection, however, is still open 
to question. 

The rapid regeneration of the erythrocytes as 
observed in this experiment is similar to that ob- 
servation by Terzian in P. lophurac infections in 
chicks (7). The relation of the decrease in para- 
sites to the anemia in this experiment is similar to 
that made by other investigators (4, 7). The 
results of this study and the pathological studies 
reported elsewhere (1-3) indicate that there is a 
definite relationship between the anemia in ma- 
larial infections and death. 

Transfusions of red blood cells cannot be con- 
sidered as a spedfic therapic procedure in malaria. 
These red cells may aid in the transportation of 
oxygen to the tissues during a crucial period in 
which a spedfic therapeutic agent is acting upon 
the plasmodium and thereby death may be pre- 
vented from anoxia. It w T ould be useless in a case 
of malaria to kill the plasmodium and have the 
patient to die from anoxia. 

SUMMARY 

The course of the parasitemia in ducks infected^ 
with P. lophurac is dianged by the injection of 
duck blood. The parasitemia may be kept at a * 
high level by the injection of large amounts of duck 
blood. Transfusions apparently have little if any 
effect upon the ultimate outcome of P. lophurac 
infection in ducks. 
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The relationship of transfusions to the course of 
parasitemia and to the mechanism of immunity in 
jP. lophurae infection in ducks is discussed. 

REFERENCES 

1. Rigdon, R. H., and Sosutaian-Thomas, W. K.: A 

study of the pathological lesions in P. knowlesi 
infection in M. Rhesus monkeys. Am. J. Trop. 
Med., 22: 329, 1942. 

2. Rigdon, R. H.; A pathological study of the acute 

lesions produced by plasmodium lophurae in 
young white Pekin ducks. Am. J. Trop. Med:, 
24: 371, 1944. 

3. Rigdon, R. H.: A consideration of the mechanism 

of death in acute plasmodium falciparum infec- 
tion. Report of a case. Am. J. Hyg., 36: 269, 

m2. 

4. Hewitt, Redginal: Studies on the host-parasite. 

relationships of untreated infections with plas- 
modium lophurae in ducks. Am. J. Hyg., 36: 
6, 1942. 

5. Ben-Harel, S.: Studies on bird malaria in relation 

to the mechanism of relapse. Am. J. Hyg., 3: 
652, 1923. 


6. Yotjng, M.: Blood changes in normal and plas- 

modium rouxi infected canaries. Am. J. Hyg., 
26: 322, 1937 . 

7. Tertian, L.: Studies on plasmodium lophurae, a 

malarial parasite in fowls. I. Biological char- 
acteristics. II. Pathology and the effects of 
experimental conditions. Am. J. Hyg., 33: 
(Sec. C), 1-22, 33-53, 1941. 

8. Hill, Claire McDowell: Anemia as a cause of 

death in bird malaria. Am. J. Hyg., 36: 143, 
1942. 

9. Kean, B. H., and Smith, John A.: Death due to 

esterio-autumnal malaria. A resum6 of 100 
autopsy cases, 1925-44. Am. J. Trop. Med., 24: 
317, 1944. 

10. Marvin, Horace N., and Rigdon, R. H.; Ter- 

minal hypoglycemia in ducks with malaria. To 
be published. Am. J. Hyg. 

11. Russell, Paul F., and Mahan, B. N.: The im- 

munization of fowls against mosquito -borne 
plasmodium gallinaceum by injections of serum 
and of inactivated homologous sporozoites. J. 
Exp. Med., 76: 477, 1942. 



THE Rh FACTOR IN BLACKWATER FEVER 
A Preliminary Note 1 


Donald C. A. Butts 2 

From the Department of Bacteriology and Preventive Medicine , Georgetown University School of Medicine 

Received for publication December 9, 1944 


The idea that some form of sensitization might 
be associated with the development of blackwater 
fever has been previously suggested by Foy, Alt- 
mann, Barnes and ICondi (1), and Fernan-Nunez 
(2). The idea expressed in this preliminary note 
was developed from the studies of these workers 
and those of Whitmore (3, 4). 

In 1940, Xnndsteiner and Wiener (5) described 
the existence of a new factor in human bloods (the 
so-called “Rh Factor”). In 1941, Burnham (6), 
and Levine, Katzin and Burnham (7) associated 
the Rh factor with erythroblastosis fetalis. 

With these basic observations as a nucleus, let 
us now consider the theoretical possibilities of the 
Rh factor, or an Rh-like substance, in the causation 
of blackwater fever. 

Following the demonstration of the Rh factor 
in the blood, Landsteiner and Wiener (8) showed 
that the factor (agglutinogen) was inherited as a 
simple Mendelian dominant. Later, Levine, Vo- 
gel, Katzin and Burnham (9) demonstrated the 
isoimmunization pathogenesis of erythroblastosis 
fetalis. Previous to that time, Wiener and Peters 
(10) had demonstrated that Rh negative indi- 
viduals who had been transfused with the blood of 
Rh positive donors develop antibodies (anti-Rh 
agglutinins) to the Rh factor which, upon repeated 
transfusions of Rh positive bloods, were capable of 
producing severe reactions. These reactions are 
generally of the hemolytic type, clinically mani- 
fested as a hemoglobinuria. 

Schittenhelm, Erhardt and Wamat (11) have 
demonstrated in dogs and rabbits that the serum 
potassium rises to a very high level during acute 
anaphylactic shock. Pinelli (12) has reported a 
marked increase in serum potassium during the 
fever period in tertian and malignant tertian 
(aestivo-autumnal) malaria. It is becoming in- 
creasingly well recognized that the paroxysm in 

1 Read at the 38th Annual Meeting of the Southern 
Medical Association, November 13-16, 1944. 

2 Captain, Sanitary Corps, A.U.S. 


human malaria in some respects resemble those 
of anaphylactic shock. Recently* Kean and Tay- 
lor reported six cases of algid malaria presenting 
the typical syndrome of medical (surgical) shock. 
The authors did not attempt to explain the reaction 
other than to say that it was probably a compli- 
cated combination of factors. 

That phsmodia are antigenic is borne out by 
the fact that a certain degree of immunity may be 
acquired in malaria, probably due to stimulation 
of the macrophage system by the parasites. The 
antigenicity of the malaria parasites is further 
demonstrated by the work of Eaton and Cog- 
geshall (13) who have developed a complement 
fixation test for the diagnosis of malarial infections, 
using Plasmodium knmvlesi as antigen. This re- 
action is group-specific rather than species- 
specific, i.e., sera from patients infected with P. 
vivax or P. falciparum react in the same way with 
the antigen as the homologous sera. However, the 
specific nature of the antibody in malaria has been 
demonstrated by Dulaney and Stratman-Thomas 
(14) These workers, by means of absorption tests 
showed that absorption with Wassermann antigen 
removes the so-called syphilitic reagin without 
affecting the reactivity of the serum with the* 
malaria antigen to a significant degree. 

Yorke and Nauss (15) have demonstrated that 
the suppression of urine in blackwater fever is 
considerably facilitated by any factor which tends 
to lower the blood pressure. It is a well known 
fact that hemolytic shock following the transfusion 
of incompatible bloods often results in hemolysis of 
the erythrocytes, followed by a sharp fall in the 
blood pressure and derangement of renal function. 

By putting all of these pertinent facts together, 
it appeared that it might be probable that the 
malaria parasites might possess a strong Rh-like 
substance which would be capable of sensitizing a 
certain percentage of Rh negative individuals in 

*38th Annual Meeting of the Southern Medica* 
Association, November 13-16, 1944. 
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ranch the same manner as sensitization by trans- 
fusion of Rh positive blood, or by an Rh positive 
fetus. The Rh negative individual once sensitized 
b}^ the parasites, i.e., anti-Rh agglutinins once 
produced, subsequent relapses of the infection 
(each time bringing the Rh-like plasmodia into the 
circulation) would ultimately bring about a hemo- 
lytic reaction (hemoglobinuria), clinically mani- 
fested as blackwater fever. 

RACIAL INCIDENCE OF B LACKW'ATER FEVER AND THE 
Rh FACTOR. DISTRIBUTION 

First let us consider the radal distribution of the 
Rh factor and incidence of blackwater fever among 
various races. 


TABLE 1 

(Taken from Levine (16)) 


PACE j 

PEPCENTACE 

! Rh -f 

Rh - 

Whites l 

85.0 

15.0 

Negroes | 

95.5 

4.5 

Chinese 1 

99.3 | 



TABLE 2 


EACH 1000 
CASES 07 
ItAXAElA 
(PACE) 

! 

nttjiiejep or Rh i 

NEGATIVE INDIVID- j 
CAES EXPECTED i 
TITS. 1000 CASES 07 1 
1LAXAPIA 

(see tzble 1) | 

tee or me ax nciteep or 
ncDmDDAXS sensitized, ix. 

NEMEEP OP CASES 07 
EXACnVATEE 7EV EE EXPECTED 
PEE 3000 CASES 07 2XALAPJA 
(2-4 PEE cent or THE Rh 
NEC ATIVE INDIVID CALS ) 

Whites 

150 

3-6 

Negroes . . 

45 

0.9-1. 8 

Chinese... 

7 | 

0.14-0.28 


A study made by Levine (16), and others, shows 
a great variation in Rh factor according to race 
(table 1). 

According to Wiener (17), the frequency’' with 
which isoimmunization occurs is only in about 2 
to 4 per cent of the Rh negative individuals, except 
under the unusual circumstances of 20 or more 
transfusions. In this case, the incidence of sensiti- 
zation could be much higher. 

Using the figures of Levine (table 1) and those 
of Wiener (17), let us calculate the number of 
cases of blackwater fever which we might expect 
among each 1000 cases of malaria (malignant 
tertian) among various races (table 2). 

Let us review some statistics on blackwater 
fever and then compare them with the above cal- 


culated (theoretical) figures, based on the theory 
of Rh sensitization. 

According to Craig (18), Manson-Bahr (19) and 
others, blackwater fever is far more common 
among whites than among blacks in W r est Africa. 
Giglioli (20) states: “In Rhodesia and other African 
regions where the disease (blackwater fever) is 
common, the native negroes are practically im- 
mune.” Simmons, Whayne, Anderson and Horack 
(21) state that blackwater fever is frequent among 
Europeans in New Guinea but rare among the 
natives, which are made up of Papuans and 
Negritas (both of which are negroid tribes)/ Ac- 
cording to these same authors, blackwater fever 


TABLE 3 


YEAP 

NATIONALITY OP 
PACE 

NCHBEP 07 CASES 

Or HAEUOGXOBINOPIC 
JEVEP PEE 1000 
PEP YEAP 

1905 

Americans 

3.30 

1906 


1.90 



0.70 

1908 


0.39 

1909 

| 

0.48 

1905 

Europeans 

5.00 

1906 ' 


5.50 

1907 


1.25 

1908 


5.88 

1909 


11.36 

1905 

Negroes 

0.33 

1906 


0.59 

1907 


0.28 

1903 


0.00 

1909 


0.25 


occurs only among the white population of the 
New Hebrides, the native population here con- 
sisting almost entirely of native Papuans; while in 
China proper blackwater fever is rare. Support- 
ing the latter statement, Seaton (22) states: 
“Blackwater fever only occur sin Formosa, Yunnan 
and Hainan Island, with an occasional case re- 
ported from the South China ports.” Statistics of 
Deeks and James (23) from the Canal Zone (table 
3) are of great interest. 

The estimated figures in table 2 for the theoreti- 
cal number of cases of blackwater fever, based on 
Rh factor are likewise of interest when compared 
with those presented by Potter (24) on the radal 
mortality of erythroblastosis fetalis. Potter’s re- 
sults axe tabulated in table 4. 
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Erythroblastosis fetalis is known to be very rare 
among the Chinese. (See Levine and Wong (25).) 

Table 5 will summarize the data relative to the 
racial distribution of blackwatcr fever (calculated 
and actual) and erythroblastosis fetalis. 

MULirrix casks or blackwater fever in the 

SAME FAMILY 

Landsteincr and Wiener (26) have demonstrated 
that if both the mother and the father are Rh 
negative, all offspring from this mating will be Rh 
negative. This observation may explain the occur- 
rence of blackwatcr fever among members of the 
same family, as reported by Whitmore (3), and 
Giglioli (20). Manson-Bahr (19) states: “The 


TABLE 4 


River 

PrATIlS TtOM TfcVTJIKOnLAS* 
TOM5 

Whites 

37 

Negroes 

2 


TABLE 5 



BATJOS 

white :ne£rocs 

Cases of blackwatcr fever (calcu- 
lated) (tabic 2) 

30-60: 9-18 

33-59:2.5-5.9 

37 :2 

Cases of blackwatcr fever (actual) 

(tabic 3)*.. 

Deaths from erythroblastosis (ac- 
tual) (tabic 4) 



* The exceptionally high and low figures shown in 
table 3 have been excluded from these ratios. 


occurrence of several eases of blackwatcr fever in 
the same family may not be pure coincidence, but 
probably is explained by exposure to a common 
factor.” 

It is of interest to note in connection with the 
familial occurrence of blackwatcr fever that, ac- 
cording to the studies of Whitmore and Giglioli, 
no household conditions could be observed which 
would explain why members of certain families 
should have blackwater fever any more than other 
families throughout the same district, and who 
were living under the same environmental condi- 
tions. Also, that certain members of the same 
family may suffer repeated attacks of blackwater 
fever while other members of the same family may 


remain free from a single attack. I believe that 
these observations may be explained on the basis 
of the hypothesis set forth in this preliminary 
communication. 

STILLBIRTHS AND B LACK WATER FEVER 

Several instances where stillbirths and neonatal 
deaths were proceeded by attacks of blackwatcr 
fever have been cited in the literature. Thomas 
and Millcn (27) and Foy and JCondi (28) have 
reported such instances. It is well known that 
stillbirths and neonatal deaths arc not uncommon 
when an Rh negative mother lias previously been 
transfused with Rh positive blood, or has been 
sensitized by the birth of a previous Rh positive 
fetus. Therefore it appears logical to assume that 
if the malaria parasites possess an Rh-likc sub- 
stance, that an Rh negative mother previously 
sensitized by repeated paroxysms of malaria, to 
the extent that hemoglobinuria had developed, 
might suffer the same reactions as if sensitized by 
previous transfusions of Rh positive blood. 

THE k6lE OF ANTIMALARIAL DRUGS IN B LACK WATER 
FEVER 

The role of quinine therapy, and to a lesser 
degree atebrinc therapy, in blackwatcr fever has 
long been a subject of debate. There is little 
doubt but that these drugs are responsible for 
precipitating the majority of attacks of blackwater 
fever, however, numerous cases are recorded in 
the literature where these drugs had not been ad- 
ministered prior to an attack of blackwater fever. 
Whitmore (3), So (29), Femfm-Nuhez (30), and 
numerous others have reported such cases. There- 
fore it is apparent that another factor, other than 
drug therapy, is active in initiating the hemolytic 
reaction of blackwater fever. In concluding this 
preliminary note, it might be stressed that the 
explanation herewith presented is in all probability 
not as simple as it might appear. Additional ’ 
theoretical and experimental verification of the 
idea presented in this preliminary note are already 
under way. A subsequent report will be made as 
soon as experimental observations warrant their 
release. 

Since submitting this preliminary note for publi- 
cation it has been possible, due to the combined 
cooperation of the United States Navy, the United 
States Army, and the United Fruit Company, for 
John Elliott, Captain, Sanitary Corps, A.U.S. and 
myself to make some very brief preliminary ob- 
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sensations in Banes, Cuba. These studies were 
very encouraging. 

Due to the very limited time available, the only 
members of Cuban families previously reported by 
Whitmore (3) which we were able to contact con- 
sisted of a brother and sister of the Tamayo family. 
Both of these had previously had blackwater fever, 
and both were Rh negative. 

It is intended to extend this study on the familial 
occurrence of bjackwater fever and Rh factor, and 
also to undertake several other lines of investi- 
gation which suggest themselves. 
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This investigation was inaugurated by the 
Health Service of the Czechoslovak Army eight 
years ago, for the purpose of producing a reliable 
combined vaccine against cholera and dysentery, 
which might be used in the eventuality that troops 
would be stationed in areas where these diseases are 
prevalent. Due to events preceding the present 
holocaust the experiments were necessarily inter- 
rupted and reopened during recent years in the 
United States. 

A vaccine was sought which would protect 
against infections with F. cholcrae , Sh. dyscntcriac 
and Sh. paradysenteriae Y, the latter being chosen 
because of its ability to confer partial immunity 
against the most common Shigella strains, namely 
Sh. paradysenteriae V, W and Z. 

In order to determine which type of Sh. dysen- 
teriae vaccine would confer maximum immunity, 
alcohol and heat killed organisms, and formolized 
and phenolized bacillary suspensions were tested. 
Organisms extracted with trichloracetic add, 
formamate and diethjdene glycol were utilized. 
Lastly, culture filtrates treated with formol, phenol 
and potassium permanganate, and their combina- 
tions with the aforementioned suspensions and 
extracts were examined. Mouse protection tests 
showed that the strongest degree of immunity was 
afforded by the use of a combination of alcohol 
killed organisms and formolized culture filtrate. 

The same procedures were followed using Sh . 
paradysenteriae Y, with the exception of experi- 
ments involving the use of culture filtrates. The 
most effective vaccine was that prepared from 
alcohol treated organisms. 

Immunizing agents against cholera were pre- 
pared with Inaba, Ogawa and El Tor strains. 
Parallel experiments were set up using heat, al- 
cohol, formol and potassium permanganate killed 

1 Read at the 40th Annual meeting of the American 
Society of Tropical Medicine, St. Louis, Mo., November 
13-16, 1944. 

2 Present address: Mount Sinai Medical Research 

Foundation, Chicago (8), HI. 


organisms. Gallut’sand Strong’s lysates; Besred- 
ka’s vaccine; culture filtrates treated with formol, 
alcohol and phenol and their combinations were 
tested on rabbits, mice and guinea pigs. The best 
results were achieved by the use of formol or 
phenol killed Inaba organisms combined with 
formolized filtrates of Inaba or El Tor strains. Be- 
cause filtrates of F. El Tor were less toxic, and 
stimulated the production of antibodies against the 
hemodigestive and necrotoxic action of F. cholcrae 
to a higher level, this filtrate was used in the final 
vaccine in combination with the formol killed 
Inaba organisms. 

The vaccines were tested to determine the 
length of time they might be stored without loss of 
immunizing power. The mixture of formolized 
organisms with formol treated filtrates proved to 
be the most stable. All vaccines, however, re- 
tained their immunizing ability much longer when 
desiccated in vacuum. 

Three groups of human volunteers, twenty in 
each group, were injected with three types of im- 
munizing agents: phenolized and heat killed vac- 
cine, formolized filtrate and a mixture of formolized 
organisms with formolized filtrate. The antibody 
production was checked by mouse protection tests. 
Formolized organisms combined with formolized 
filtrate gave the strongest antibody production and 
that which lasted for the longest time. 

A group of eighteen volunteers was immunized 
with a mixture of antidysenteric and anticholeric 
vaccines which had proved the most efficacious. 
The reactions didmot exceed those observed when 
only one of the vaccines was used Mouse pro- 
tection tests proved there was a satisfactory in- 
crease of antibody formation which persisted for a 
considerable length of time. 

From these preliminaiy experiments it may be 
concluded that a combined vaccine against cholera 
and dysentery can be prepared which stimulates 
the production of protective antibodies to a high 
level. These findings indicate that continuation 
of these experiments is fully warranted. 
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Because of the prevalence of pneumonia 3 in the 
Canal Zone, the study of a series of cases was under- 
taken. It was felt that an analysis of an adequate 
number of cases would be indicative of the types 
of pneumonia liable to occur in the tropics. Since 
this study has been made’during a limited period 
and as the possibility of annual variation is recog- 
nized, the results are not offered as being repre- 
sentative of pneumonias in all locales of the 
torrid zone. 

Although a thorough review of the literature is 
not within the scope of this presentation, it is well 
to mention that there have been numerous studies 
of the pneumonia problem in tropical zones. Re- 
ports have been submitted from many scattered 
areas of the globe and a variety of causative agents 
has been uncovered, showing that the problems 
involved often resemble those of the temperate 
zone. L. B. Bates (1) described a hemorrhagic 
bronchopneumonia resembling pneumonic plague 
due to *B. mucosus capsulatus in Panama. The 
epidemics of the pulmonary type of bubonic plague 
are too well known to require any further com- 
ment, The incidence of lobar pneumonia in 
Malaya was studied by Winchester (2). In the 
Phillipine Islands a study of pneumonia in children 
under three years of age was completed by J. 
Albert (3). Other scientific contributions from 
South Africa (4, 5), Mexico (6), Nctherland India 
(7), Hawaii (8), Porto Rico (9), Egypt (10), and 
India (11) attest to the universality of this problem. 
The report on tropical pneumonia in the Quarterly 
Bulletin of the League of Nations (12) merits 
attention. 

The effect of climate has been commented upon 
by numerous investigators. It has been generally 
accepted that the incidence of pneumonia is great- 
est in the temperate zone during the winter and 
early spring seasons. There seems to be some 
difference of opinion as to its prevalence in tropical 

1 Lieut. Colonel, Med. Coq^s, U. S. A. 

2 Major, Med. Coq>s, U. S. A. 

* Pneumonia and pneumonitis arc used as inter- 
changeable terms. 


regions, but exception is taken to the statement 
that pneumonia is rare. It is true, however, that 
studies have been more extensive, facilities more 
accessible, and reports in the literature more 
abundant in the temperate zone. A combination 
of these factors may tend to minimize or even dwarf 
the problem as it exists in warmer climes. A 
report (13) by the medical department of the 
United Fruit Co. at the International Conference 
on Health Problems in Tropical America is re- 
vealing. In the report of deaths per 1000 em- 
ployees during 1923 the following causes were 
listed: Penumonia 5.5, tuberculosis 2.2, dysentery 
l.£, and malaria 1. As for influenzal pneumonia, 
the same report indicates that in consequence of 
international transportation, the disease is con- 
fined to no country or hemisphere. Tropical areas 
are not exempt. 

In Panama the first reported large scale epidemic 
of pneumonia occurred when work started on the 
Canal. Scott (14) in his History of Tropical 
Medicine extols the excellent and energetic meas- 
ures of Gorgas in combating this disease. It was 
as destructive to the negro as yellow fever was to 
the white man. By segregating those attacked, 
putting an end to overcrowding, improving their 
* dwellings and food, he succeeded in eradicating the 
epidemic forms of the disease. Decks (15) sub- 
mitted an analysis of 574 of these case*. The 
mortality during tiffs era was appalling: 37% for 
negro West Indians, 5S% for Panamanians, 52% 
for Colombians, and 20% for the white race. 
There seems to be no doubt that whites arc more 
apt to present a greater resistance and ability to 
recover. Since tills period, pneumonitis has been 
a problem, and several unpublished studies have 
been made. There have been several minor rut- 
breaks of the di?ca c e, particularly among the black 
laborers who live in camp? or barracks. A recent 
report from this rone was submitted by Campbell 
(16) who described atypical pneumonitis floriated 
with malaria. In general, social condition*, racial 
statu*, and occupational environment Stem to h: 
more important than climate; and it may be «:n* 
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phatically stated that pneumonia is not only a 
disease of temperate zones, but merits equal atten- 
tion under all climatic conditions. 

METHOD AND MATERIAL 

Five hundred consecutive cases of pneumonia 
admitted to Gorgas Hospital during an eighteen- 
month period (1942-1943) were investigated. 
Only cases with primary pneumonitis were selected 
in contradistinction to the secondary forms, which 
follow some dominant or grave illness. Cases 
associated with cardiovascular disease, chronic 
pulmonary pathology, operative conditions, and 
moribund states were discarded. Pneumonitis 
associated with malaria (17) was considered as a 
separate entity, and special studies have been 
completed in this latter group. Clinical cases of 
pneumonia, where x-ray confirmation or sputum 
studies were lacking, were not acceptable for 
this study. 

Each patient received the Gorgas Hospital 
workup, consisting of a complete history; a physical 
examination; laboratory studies which included a 
complete blood count, hemoglobin determination, 
blood serology, blood film examination for malaria, 
urine examination, and stool examination. In 
addition, roentgen studies of the chest were made 
and sputum studies by cultural methods were 
obtained in all cases. Blood cultures were sub- 
mitted in the more seriously ill and other examina- 
tions were performed for purposes of differential 
diagnosis. 

RESULTS 

Type of patient , incidence , seasonal occurrence 

As the above factors were not affected by eti- 
ology, discussion will concern the group as an 
entity. Patients were chiefly male adults, averag- 
ing 28.4 years in age. They were distributed 
among three racial groups, white, foreign-white 
and black, with the black race predominating 
(43%). The majority were civilian employees of 
the Panama Canal and approximately 20% were 
in the military sendee of the United States. 

The incidence of pneumonitis in relationship to 
the total population of the Canal Zone cannot be 
calculated at present. However approximately 
3% of all admissions (33,913) to Gorgas Hospital 
during a twelve-month period (April, 1942-March, 
1943) were listed as primary pneumonias, offering 
an index of the prevalence of this disease. 

In Panama the months from December to April 


constitute the “dry season” and the remainder 
of the year is knowm as the “rainy season.” The 
peak of admissions occurred during the rainy 
season and was maintained from July through 
November. 

Etiological agents (Based on Sputum Studies) 

Bacteriological studies of sputum by means of 
cultural methods and typing pneumococci were 


TABLE 1 

A nalysis of sputum study 


ORGANISM 

num- 

ber 

OF 

CASES 

LEUKO- 

CYTOSIS 

LOBAR 

DISTRI- 

BUTION 

GOOD 

RESPONSE 

TO 

CHEMO- 

THERAPY 

Cases 


Cases 


Cases 


1. Negative 

359 

117 

32 

48 

13 

124 

34 

2. Pneumococcus 








a. Untyped 

30 

22 

73 

7 

23 

23 

76 

b. Typed 








I 

28 







II 

3 







III 

4 







IV 

2 







V 

5 72 

58 

80 

22 

30 

59 

81 

VI 

5 







VII 

9 







VIII 

6 







IX 

3 







XIV 

2 







XIX 

3 







XX 

2 







3. Streptococcus 

31 

19 

61 

3 

9 

16 

51 

hemolyticus 








4. Streptococcus 

S 

6 

75 

1 

12 

7 

S7 

anhemolyticus 









performed by the Board of Health Laboratory of 
the Canal Zone. Negative reports included those 
specimens revealing small numbers of bacteria 
(mixed flora) commonly found in the respiratory 
tract of normal individuals. Whenever an organ- 
ism was abundant and dominant, or pathogenic, 
it was reported. Sputum specimens were sub- 
mitted on several occasions in each case. 

Of the 500 patients, negative results were ob- 
tained in 359 (71 -f%). Specific organisms were 
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identified in the remaining 141 cases (28+%) in 
the following order: Pneumococcus, -specific type, 
72; Streptococcus hcmolyticus 31; pneumococcus, 
untyped 30; Streptococcus anhcmolyticus , 8. This 
study was cross-analyzed with leukocytosis, pul- 
monary distribution, response to chemotherapy in 
the form of sulfonamides to determine an} r possible 
relationship (see table 1). In general leukocytosis, 
lobar distribution and an adequate chemothera- 
peutic response were more common in the bacteria 
group than in the negative culture series. The one 
exception was detected in the streptococcal groups, 
where lobar distribution was lowest. 

Clinical aspects of negative culture group (359 cases) 

The onset was variable, gradual in 64% and 
acute in 36%. Upper respiratory infections (45%) 
often preceded evidence of a pulmonary infection 
by one or more weeks. Such systemic mani- 
festations as feverishness, chills, headache, gastro- 
intestinal symptoms, malaise and general aches 
occurred in the great majority (90+%). Respira- 
tory symptoms as cough, expectoration and chest 
pain were prevalent in approximately 70% and 
hemoptysis was noted in 7% of this group. 

The detection of rales by auscultation was the 
outstanding finding. They were usually fine to 
medium, moderate in number, inspiratory, and 
constant, persisting as a rule after cough. The 
abnormal quality of the breath sound (broncho- 
vesicular to bronchial) and dullness were also im- 
portant signs. At times the first and only finding 
was a diminution in the intensity of the breath 
sound and, therefore, it is considered an important 
observation. Wheezes, indicative of an associated 
diffuse bronchitis, and pleural friction rub, pathog- 
nomonic of an associated fibrinous pleuritis, oc- 
curred in a small percentage of cases. Dyspnea 
and cyanosis, the marks of severe and toxic cases 
were relatively infrequent, indicating the benignity 
of the process as seen in this group. It was inter- 
esting to note that 28% of the cases presented no 
abnormal physical findings and the diagnosis was 
established by roentgen studies. The impotency 
of the stethoscope in one-fourth of these cases is 
therefore recognized. 

All patients underwent roentgen studies and 
lesions were chiefly of lobular distribution in the 
lower lobes. Although associated regional hilar 
involvement was common (23%), it was by no 
means observed as frequently as in other studies. 
Upper lobe lesions occurred in 27% and presented 
the problem of differentiation from pulmonary 


tuberculosis, particularly- when resolution was pro- 
longed. Negative tuberculin tests were helpful 
in ruling out Koch infection in this series. Table 
2 represents a summary of the roentgen findings. 

Other laboratory findings were of no clinical 
significance. Facilities for virus studies were not 
available. All blood cultures (72), submitted in 
the more seriously ill, yielded negative results. A 
study of the total white cell count and differential 
was made during the peak of the illness. Most of 
the cases (63%) revealed normal responses; leuko- 
cytosis with an increase in polymorphonuclear 

TABLE 2 


Analysis of x-ray findings (negative culture group) 


1 

t 

NUMBER 

CASES 

I 

PER- 

CENT- 

AGE 

1. Type of Lesion 

a. Lobar distribution 

i 

i 

48 

13+ 

b. Lobular distribution 

311 

86+ 

2. Location of Lesion 

a. Single lobes 

313 

87 

(1) Right lower lobe 

104 

29 

(2) Left lower lobe 1 

99 

27+ 

(3) Right upper lobe 

' 55 

15 

(4) Right middle lobe 

31 

8+ 

(5) Left upper lobe 

24 

6+ 

b. Multiple lobes 

46 

12+ 

(1) Bilateral 

30 

8 

(2) Unilateral 

16 

4 

(a) Right 

10 

2+ 

(b) Left 

6 

1+ 

3. Complications > 

a. Spread (migratory) 

21 

1 

1 

1 6 

b. Pleural effusion 

14 

3+ 

c. Spontaneous pneumothorax 

1 

0.2 

d. Mediastinal lymphadenopathy . . . 

1 

0.2 


elements was detected in 32% and leukopenia was 
relatively uncommon (5%). 

Chemotherapy in the form of sulfadiazine or 
sulfathiazole was employed in the majority of 
cases (86%). In about one-third (34%) the re- 
sponse to the drug was very satisfactory. The 
routine consisted of an initial dose of four grams 
of the sulfa drug, followed by one gram every 
4 hours for 48 hours and finally one gram every 
6 hours until the drug was discontinued. No 
chemotherapy was utilized in the very mild forms. 
Patients with a leukocytic trend exhibited an 
especially good response, while those without leuko- 
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cytosis tended to react less favorably. No dis- 
proportion in response between the lobular and 
lobar lesions could be ascertained. Special treat- 
ment was required in the critically ill and the 
infrequent application of such energetic measures 
as oxygen therapy, blood transfusion, etc., is 
another index of the moderate course. The fact 
that nearly 10% of the cases were treated with 
anti-malarial drugs suggests the similarity of the 
constitutional manifestations of pneumonia and 
malaria. 

The great majority of cases consisted of mild 
and moderate forms of the disease and only a small 
fraction (4+%) was listed as severe. Although 
the effect of racial influence seemed minimal, it can 
be stated that in general the course was more 
severe in the black patients. The average hospital 
stay was ten days. Approximately 40% of the 
cases required no further convalescence and the 
remaining 60% of the patients were confined to 
quarters for about one week. Complications oc- 
curred in 10% of the cases (see table 2) and were 
chiefly pleuritis and spread of tire lesion. There 
were no serious complications and there was only 
one death, which could possibly be assigned to the 
category of atypical pneumonia. 

Report of the one death in the negative culture 
group: A 26-year-old foreign-white laborer was ill 
for three days prior to hospital admission with 
chills, fever and productive cough, A clinical 
diagnosis of lobar pneumonia of the right lower 
lobe was made and confirmed by roentgen films. 
Blood cultures and sputum cultures were negative. 
He did not respond to chemotherapy and ran a 
toxic down-hill course for seven days, exhibiting 
cyanosis and dyspnea. He died in terminal pul- 
monary edema. 

Postmortem examination revealed a deep red uni- 
formly solid right lower lobe, rather moist. In the 
left lower lobe there were scattered areas of 
bronchopneumonia. On microscopic examination 
the alveoli were filled with exudate containing 
polymorphonuclear cells, monocytes and red cells. 
No dominant bacteria were present. There were 
also findings of interstitial pneumonitis and peri- 
bronchitis. This was the only death suggestive of 
a non-bacterial pneumonitis; so-called atypical 
pneumonia. 

Clinical aspects of bacterial group 

In 141 (28+%) of the 500 cases, organisms were 
repeatedly identified by cultural studies of the 
sputum and typing (see table 1), so that an 
etiological background was specifically established. 


The group resembled the types of bacterial pneu- 
monia seen in other areas. The onset was acute 
in 71% of the cases, physical signs were absent in 
14%, lobar distribution was noted i n 23+%, 
leukocytosis was present in 74%, and an adequate 
response to sulfonamides was elicited in approxi- 
mately 74% of the cases. The following compli- 
cations were noted; Empyema, pneumococcal, 3; 
pleural effusion, sterile, 2; purulent otitis media, 2; 
suppurative pericarditis, pneumococcal, 1; toxic 
nephritis, 1; meningitis, pneumococcal, 1; purulent 
conjunctivitis, 1, There were only 11 cases (8%) 
listed as severe and the rest ran a relatively 
benign course. There were three deaths in the 
series (mortality rate of 2,1%) and all were due to 
overwhelming pneumococcal infections. 

Brief report of three deaths in bacterial group: 

1. A 47-year-old male, black Jamaican, laborer, 
was ill for one day prior to admission. He entered 
the hospital in extremis, dyspneic and cyanotic. 
His sputum was positive for type I pneumococcus 
and he had clinical evidence of lobar pneumonia 
of the right lower lobe. He did not respond to 
chemotherapy and died after six hospital days. 

Postmortem examination demonstrated a lobar 
pneumonia due to type I pneumococcus. Post- 
mortem blood cultures were positive for type I 
pneumococcus. 

2. A 58-year-old, black Jamaican, laborer, was 
ill for four days before entering the hospital. On 
admission he had clinical evidence of a lobar 
pneumonia of the left lower lobe and signs of 
meningitis. A spinal tap was performed and 
purulent fluid was obtained. Type I pneumo- 
coccus was cultured from the fluid. He was ad- 
mitted in extremis and did not respond to sulfa- 
diazine. Death occurred after three hospital days. 
No postmortem examination was obtained. 

3. A 47-year-old, black male, was admitted to 
the hospital after two days of symptoms. He was 
seriously ill, had signs of lobar pneumonia of the 
left lower lobe and did not respond to chemo- 
therapy. He died within forty-eight hours after a 
fulminating course. 

Postmortem examination showed a lobar pneu- 
monia involving the entire left lung due to type V 
pneumococcus, complicated by a suppurative 
pleuritis and pericarditis. 

CASE REPORTS 

Several illustrative case reports are presented: 

Case L A 28-year-old foreign-white male, Pan- 
amanian, laborer was admitted to Gorgas Hospital on 




Fig. 1 represents a composite chart of Case 1 and roentgen films revealing a lesion of lower lobe on June 23, 
1942; with slow resolution and residual pleuritis on July 15, 1942. 


Signs of diminished breath sounds and fine inspiratory on June 23, 1942 and incomplete resolution with 
rales were heard over the left base. Cultures of sputum residual pleuritis on July 15, 1943. 

specimens were negative. Blood cultures were nega- On admission his temperature was 103 degrees, pulse 
tive. The total white cell count was 4,900 with a 100, respirations 25. He was placed on sulfadiazine 

differential of 64% polymorphonuclear cells and 36% for seventy-two hours, but there was no response and 
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the drug was discontinued. He ran a self-limited, 
slightly prolonged but uneventful course and was dis- 
charged after hospitalization of one month. This case 
is an example of atypical pneumonia, cause undeter- 


21, 1942. He was ill for four days with chills, fever, 
upper respiratory symptoms and a slightly productive 
cough. The only positive objective signs were line 
inspiratory rales in the upper right axilla and at the 




Fig. 2 represents a composite chart of Case 2 and roentgen films revealing a lesion of right upper lobe on Septem- 
ber 22, 1942, and marked resolution on September 26, 1942. 

mined, with a leukopenia and a poor response to level of the second anterior interspace. The white cell 

chemotherapy. count was 16,000 on admission with a differential of 

Case 2 . A 32-year-old, black male, Panamanian, 88% polymorphonuclear cells and 12% lymphocytes, 

laborer, was admitted to Gorgas Hospital on September Sputum cultures were negative on three occasions and 
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productive cough. Two days prior lo admission lie had 
moderate hemoptysis and his cough became productive. 
His initial white cell count was 9,300 with a differential 


HB-4* 



area of rarefaction. On July $ } 1942 there was marked 
resolution of the lesion and a roentgen film of July IS, 
1942 was negative. 

'«■ • % 







Fig. 4 represents a composite chart of Case 5 and a roentgen him revealing a pneumonitis of the right upper 
lobe on July 27, 1942. 


of 78% polymorphonuclear cells and 22% lymphocytes. 
Sputum cultures on several occasions were negative and 
daily concentrated smears for acid-fast bacilli were 
negative. X-rays (see fig. 3) of July 2, 1942 revealed 
pneumonitis of the right upper lobe with a suggestive 


Tuberculosis was suspected because of tire history 
and the location and type of roentgen shadow. The 
treatment was palliative and the course in the hospital 
uneventful with gradual clearing of the parenchyma of 
the lung. This case indicates the importance of serial 
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films in eliminating the diagnosis of tuberculosis which 
was an early important consideration. 

Case 4s A 40-year-old black, laborer, Panamanian, 
was admitted to the hospital on July 26, 1942. He was 
ill for two days with chilis, fever, and headache. There 
was no respiratory symptoms. On admission there 
were no abnormal physical signs in the chest. A few 
days later fine inspiratory rales and broncho-vesicular 
breath sounds were noted over the midaxillary and 
lower portions of the right upper lobe. Malarial smears 
and routine workup were negative. His white cell 
count was 14,200 with a differential of SS% poly- 
morphonuclear cells and 12% lymphocytes. As ma- 
laria was suspected he was placed on quinine treatment, 
but there was no response. Subsequent thick and 
thin smears were negative for plasmodia. On July 29, 
1942 he started to cough and expectorate and the chest 
film of July 27, 1942 indicated a lesion of the right 
upper lobe (see fig. 4). He was placed on sulfadiazine 
and an immediate response was noted. In two succes- 
sive daily sputum cultures Streptococcus hcmolylicusvtVLS 
identified. His course was then uneventful and short. 
This is an example of a case suspected of malaria with a 
poor response to anti-malarial drugs; and the subse- 
quent uncovering of a bacterial pneumonitis with 
excellent sulfonamide effect. 

COMMENT 

The epidemological aspects of pneumonias in 
Panama are worthy of study. As it is believed 
that the disease is chiefly transmissible from pa- 
tient to patient, the congregation of large masses 
of individuals in army and labor camps in this zone 
offers a particular hazard in all types of pneu- 
monias. Respiratory secretions via the atmosphere 
are the chief vehicles, and in numerous instances 
such a modus operandi had been observed on the 
wards where isolation technique was not employed. 
It is believed, as has been stated by Dingle et 
al, (18), that unrecognized infections which may 
constitute the effective source of spread of the 
disease exist in various camps. Therefore, the 
employment of “sick-call” for mild colds and 
respiratory infections is an important method of 
control, and much responsibility is placed on the 
medical corps in eradicating this problem. 

Other possibilities undoubtedly exist and deserve 
investigation. There has been no suggestion that 
food or water aie factors; nor can insects or other 
forms of animal life, common in Panama, be indi- 
cated on the basis of existing evidence in suspected 
virus infections. However, it has been demon- 
strated elsewhere that atypical virus pneumonia 
may be spread from man to cats, rats, birds and 


vice versa (19). Because of the relatively com- 
mon occurrence of pneumonia in malaria, one 
wonders whether the same Anopltcline mosquito 
can be incriminated as a vector of a pneumonitis- 
producing virus. Aedcs acgypli mosquitoes, ticks, 
sandflies and related insects, which are common in 
tliis area, are also to be considered. 

In observing the results of bacteriological studies 
of the sputum, one is impressed with the large 
percentage of negative cultures. Although a num- 
ber of these cases were not characteristic of atypical 
pneumonia in all respects, as it has been described 
in the literature by numerous contributors (20), 
it is felt that the majority of cases fall into this 
category. Contrary to accepted teaching, 32% 
was accompanied by a leukocytosis, 13+% had a 
lobar distribution, and 34% exhibited a very satis- 
factory response to chemotherapy. As many cases 
were admitted to the hospital comparatively late 
in the disease, it is quite possible that secondary 
bacterial infection influenced the hematological 
picture and the response to sulfonamides. Those 
cases with leukocytosis were particularly suscepti- 
ble in a favorable manner to the sulfa drugs. The 
figures of 32% leukocytosis and 34% good thera- 
peutic response appear to be more than coinci- 
dental and suggest that chemotherapy is of special 
value in cases with a polymorphonuclear trend. 
Li many respects, however, the illness ran a classi- 
cal course as to onset, systemic manifestations, 
paucity of objective findings, and severity. Com- 
plications were rare and the prognosis usually 
excellent. All of these factors conform with the 
clinical concept of the diseasenow termed “atypical 
pneumonia, cause undetermined.” 

Comparing the bacterial group with the negative 
sputum culture group, certain fundamental differ- 
ences are noteworthy. In the former series the 
onset was acute in a larger percentage of cases 
(7l%:36%), absence of abnormal physical signs 
was less common (14%:28%), lobar distribution 
was more frequent (23%: 13%), leukocytosis was 
more prevalent (74%:32%), and the majority of 
cases exhibited an adequate response (74%: 34%) 
to sulfonamides. 

Facilities for virus study were not available in 
this series, but it is to be noted that investigations 
elsewhere have produced a very small percentage 
of positive results. In various instances the viruses 
of influenza, choriolymphocytic meningitis, lym- 
phogranuloma venereum, meningo-pneumonitis, 
psittacosis, and Rickettsia burncii of Q fever hav e 
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been suspected of producing a similar pulmonary 
picture. In several instances, when a specific 
virus was not identified, the disease was trans- 
mitted to such experimental animals as the mon- 
goose (21) and Java Rice birds (22), At present 
the average institution is unable to carry out 
extensive investigations in this field, Such tests 
as the study of cold agglutinins (23) appear promis- 
ing, but certainly are without specificity. 

Special consideration must be given in tropical 
zones to the possibility of secondary involvement. 
The pulmonary inflammation may be part of a 
protozoal disease, and such lesions have been de- 
scribed in kala-azar, amebiasis and malaria. Pneu- 
monia also has been described in such metazoal 
diseases as ascariasis, strongyloides infestation, 
ankylostomiasis, and fluke infections. In Panama, 
where the humidity is great and fungi thrive, the 
mycoses are also to be differentiated from tire 
usual types of pneumonitis. Monilia, torula, coc- 
ddioides, blastomyces may be mentioned as pos- 
sible factors. Pulmonary tuberculosis, a prevalent 
disease in Central America, is always to be ruled 
out, especially in upper lobe lesions; and serial 
roentgen studies are of considerable aid. 

The problem of control can be mastered to a 
reasonable extent by general measures, which 
Keefer (24) has enumerated. The medical pro- 
fession and public should be educated concerning 
the dangers of spread by contact. Isolation of all 
active cases, adequate medical care of colds and 
bronchitis, destruction of all respiratory discharges 
and early recognition of the disease are steps in 
the right direction. A prompt trial of chemo- 
therapeutic agents is often indicated. The avoid- 
ance of overcrowding, the betterment of hygienic 
conditions are other worthwhile general measures. 
The institution of these preventive methods is 
the duty of the medical corps of the military 
sendees and the health organizations of the 
communities. 

1. A study of 500 consecutive cases of primary 
pneumonia admitted to Gorgas Hospital during an 
18-month period (1942-1943) was completed. 

2. In addition to other laboratory procedures, 
repeated sputum specimens and serial roentgen 
films were studied. 

3. On the basis of these studied, the following 
classification of this series was submitted: 



AV. of 
Cases 

Tc 

a. Negative sputum culture 
group. Most of these 
cases resembled the dis- 
ease designated as 
“atypical pneumonia, 
cause undetermined.”.. 

359 

71 + 

b. Bacterial group ...... 

141 

28+ 

(1) Pneumococcus, vari- 
ous tvpes 

72 


(2) Streptococcus hemo- 
lvticus 

31 


(3) Pneumococcus, un- 
typed 

30 


(4) Streptococcus anhe- 
molyticus 

8 



4. The bacterial group differed from the negative 
culture group in exhibiting a higher percentage of 
acute onset, abnormal physical signs, lobar distri- 
bution, leukocytosis and adequate therapeutic re- 
sponse to sulfonamides. 

5. The clinical course in each group was rela- 
tively benign and complications were few. There 
was one death in the negative culture series (mor- 
tality rate of 0.28%) and there were three deaths 
in the bacterial series (mortality rate of 2.1%). 

6. At the onset malaria was an important con- 
sideration in differential diagnosis and approxi- 
mately 10% of all patients received anti-malarial 
therapy. In upper lobe lesions, particularly when 
resolution was delayed, tuberculosis had to be 
ruled out. 

7. Several illustrative case reports and a brief 
summary of the deaths were presented. 

8. In most instances the problem of pneumonia 
in Panama is not different than elsewhere. How- 
ever special consideration must be given to non- 
bacterial agents (metazoal, protozoal) in tropi- 
cal areas. 

Grateful acknowledgement is expressed to Estelle 
Hall, medical secretary of Gorgas Hospital, for 
her assistance in compilation of data and prepara- 
tion of the manuscript. 
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INTRODUCTION 

It is a common opinion among leprologists that 
the risk of developing leprosy is affected pre- 
dominantl}” by the age at which exposure takes 
place. Recently, this opinion has been expressed 
clearly by one of the leading students of the disease, 
Dr. R. G. Cochrane, as follows: “The greatest indi- 
vidual cause of infection is close contact, . . . this 
and the age of the individual play a far greater 
part in the epidemiology of leprosy than all the 
other factors frequently suggested” (1). It is on 
this conception that the practice of prompt segrega- 
tion of patients with lepromatous leprosy and the 
policy of early removal of infants from contact with 
leprous parents are based. 

There is now sufficient evidence that the risk 
of contracting leprosy is far greater for individuals 
exposed to lepromatous patients in the household 
than for other persons living in the same com- 
munity. In the Philippines the relative risks are 
five or six to one (2). Also, for the same area (2) 
statistical evidence shows that the average age at 
onset is somewhat younger for patients known to 
have been subjected to household exposure than 
for others, although in both exposed and non- 
exposed the highest incidence occurs in the age 
group 10 to 15 years. 

More precise measurement of the influence of 
age at exposure is obviously desirable but very 
detailed epidemiological studies are necessary for 
thi s purpose. The total number exposed must be 
determined, a fact obtainable only for households 
in which a case has occurred. It is necessary to 
learn also the type of leprosy, both for primary 
and secondary cases, and, as closely as possible, 
the dates of onset. In addition, dates of birth, 

1 These studies have received support from the 
American Leprosy Foundation, the Bureau of Health 
of the Philippines, and Western Reserve University. 
Drs. Guinto and Rodriguez did not have an oppor- 
tunity to read this manuscript: both are interned in the 
Philippines. 

Read at the 40th Annual Meeting of the American 
Society of Tropical Medicine at St. Louis, November 13 
to 16, 1944. 


and subsequent histories through a sufficient period 
of years, must be ascertained for all members of 
these households. 

For milder forms of leprosy, incidence can be 
measured accurately only by keeping such indi- 
viduals under dose supervision for a long time. 
For lepromatous cases, it is, however, quite possible 
to estimate rates of inddence from the study of the 
past experience of existent households. 

SOURCE OF DATA 

Data for the present analysis were collected in 
1933 and in 1936-7 in two munidpalities in the 
Philippine Islands, Cordova and Talisay, in the 
province of Cebu. Surveys were under the joint 
sponsorship of the Bureau of Health of the Philip- 
pines and the Leonard Wood Memorial Fund. 

Cordova, the first area studied, is situated on the 
small island of Mactan about one mile east of the 
dty of Cebu. The island is low-lying and of coral 
formation. At the time of the survey few crops 
were grown and the population was economically 
dependent on fish, copra, and hemp which is de- 
rived from the maguey plant. The general eco- 
nomic condition of the munidpality was very poor, 

Talisay, on the main island of Cebu, is situated 
about 7 miles south of the dty of Cebu. The area 
surveyed induded not only the low-lying plains 
but also a river valley and hills. Unlike Cordova, 
the soil is relatively fertile, the prindpal crop being 
sugar cane. At the time of the survey some fishing 
was done and in most areas fruit and vegetables 
were grown. The general economic level of the 
population was appredably above that of Cordova. 

The procedures which were followed in both com- 
munities induded (1) a house-to-house census of 
the inhabitants, (2) physical examination of the 
inhabitants for leprosy and other skin diseases, 
and (3) epidemiological investigation of all cases 
of leprosy. Cooperation of the population was 
excellent; 99.3 per cent of 10,672 inhabitants in the 
Talisay area and 98.3 per cent of 6,063 in Cordova, 
submitted to examination. 

The two*munidpalities were alike in that each 
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had a relatively high prevalence 2 * * * of leprosy (3, 4). 
In Cordova in 1933, the prevalence rate was 17.2 
per 1,000, but exclusion of neural cases considered 
to be quiescent or arrested, lowered the rate to 

13.4. In Talisav in 1936-7, the total rate was 

19.5, reduced to 15.2 by exclusion of inactive 
neural cases. In Cordova 44.2 per cent of the 
patients were known to be bacteriologically positive 
and in Talisav 50 per cent. The prevalence in 
both areas was higher in males than in females. 

The epidemiological investigation included for 
each household the complete family roster, with 
birthdate, sex, and leprosy status for all past and 
present members. For exposed persons not pres- 
ent in the household the date of death was as- 
certained, or the date of departure, if moved to 
another residence. The date of onset and type of 
leprosy were determined for each patient with 
leprosy. Information obtained from the family 
was checked against the records of the Culion 
Leprosarium and of the Eversley Child's Treat- 
ment Station at Cebu. 

The data relating to influence of age at exposure 
were considered to be sufficiently complete only 
for the study of lepromatous leprosy; that is, the 
analysis is restricted to records of individuals ex- 
posed to lepromatous cases in the household and 
the secondary cases included in the study are only 
those of the lepromatous type. 

The families included are those for which it was 
possible to complete the life experience of every 
known member from entrance into the family, 
either to death, to development of leprosy, to 
departure to another household or community 7 , or 
to the end of the period of observation, taken as 
June 30, 1933, for Cordova and as October 30, 
1936, for Talisay 7 . 

METHOD OE ANALYSIS 

To determine the risk of developing leprosy a 
modified life-table method was adopted. This 
method involves determination of person-years of 
risk, that is, each year of life of an individual is 
regarded as a unit. For any given group the 
incidence rate is expressed as the average number 
of cases per 1,000 person-years, which is regarded 
as equivalent to observation of 1,000 persons for 
one year. The schedules include individuals who 

2 By 7 prevalence is meant the number of cases existent 

in a community on a specified date. In contrast, 

incidence refers to the number of new cases occurring 

in a specified period of time. 


where bom eighty years or more before the date 
of investigation and infants bom only a month or 
two before. It should be borne in mind, therefore, 
that the incidence rates arc not applicable to the 
present but are a statement of what has occurred 
during the life experience of households of Cordova 
and Talisav, in which one or more members were 
living and present at the time of the inquiry. 

An individual was considered to have been ex- 
posed if he had lived under the same roof as a 
leprous person for a period of at least one month. 
Subsequently he was considered to be at risk as 
long as he remained in the community, regardless 
of the removal of the patient from the household 
or of the removal of the individual to another 
residence in the community. 

Individuals bom in any household in wliich there 
was an existent case of leprosy were considered to 
be at risk from birth. Those present at the time 
of onset of the primary case were allotted one-half 
year of risk at their age at time of onset. Indi- 
viduals entering the household while a leprous 
person was present were likewise given one-half 
year's experience at their age at entrance. De- 
partures, either because of death or removal, were 
given one-half year’s experience at their age at 
time of departure. 

Since previous analysis had shown that the two 
areas were similar as regards both prevalence 
rates and incidence rates, data from Cordova and 
Talisay were combined. On the family schedules 
there were included the records of 755 males and 
765 females, who gave a history of exposure in 
accordance with the definition adopted. For each 
of these individuals the years of risk were calcu- 
lated, yielding a total of 19,553 person-years. In 
this experience there occurred S9 secondary cases 
of lepromatous leprosy, or an average annual 
incidence of 4.6 per 1,000 person-years. It may 
be noted that this is approximately 5.5 times the 
incidence rate for persons in the general population 
not known to have been subjected to household 
exposure. 

INFLUENCE OF AGE AT EXPOSURE 

The life experience of these households, classified 
according to the ages at which the individuals were 
first exposed, the cases of lepromatous leprosy' 
developing, and the incidence rates, are given in 
table 1 , by sex and age. 

This table indicates clearly 7 a definite relation- 
ship between age at exposure and age at which 
signs of leprosy 7 were first observed. Among chil- 
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dren who were exposed at ages under 5 years, the 
majority at birth, no cases occurred before they 
readied 5 years of age. Lepromatous eases have 
been reported in young diildren but are rare (5); 
most have been of the neural (macular), type. 


fancy and early diildhood in these households, 
shows that the highest inddencc of lepromatous 
leprosy is readied about 10 years after exposure. 

Turning to those exposed at 5 to 10 years of age, 
no cases occurred before the age of 10 years; Be- 


TABLE 1 


Secondary attack rales for lepromatous leprosy following household exposure to lepromatous leprosy , according to age 

at exposure and age at attack 

Cordova and Talisay, Cebu, Philippine Islands 
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Between 5 and 10 years of age the annual inddence 
rate averaged 7.9 per 1,000. The rate increased 
to a maximum of 17.8 at 10 to 15 years and fell 
to 12.4 at 15 to 20 years. The rate for persons 
20 years and over who were exposed before 5 years 
of age was only 3.5 per 1,000. Thus the experi- 
ence, at successive ages, of those exposed in in- 


tween 10 and 15 years the inddence rate was 9.3 
per 1,000, increasing to a maximum of 12.3 at 
15 to 20 years, and falling off sharply to 3.3 at 
20 years of age and over. Again, the age of 
maximum inddence occurred 10 years after ex- 
posure. 

For those exposed at 10 to 15 years, the maxi- 
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mum inddcnce rate, 7.0 per 1,000, occurred in this 
same age group. The rate fell to 3.0 at 15 to 
20 years and increased to 5.1 at 20 years and over. 

Similarly for those exposed at 15 to 20 years the 
maximum incidence rate, 5.9 per 1,000 again oc- 
curred in the same age group. The rate fell to 
2.4 for those of 20 years and over. 

These data indicate a variable period between 
exposure and development of noticeable lesions of 
lepromatous leprosy. Taking the statistics at their 
face value, this period must be much longer when 
exposure occurs in infancy and early childhood 
than when it occurs in later childhood and ado- 
lescence. The average interval between exposure 
and recognition of the disease in 64 persons ex- 
posed before the age of 10 years was 10.5 years; 
and for 25 individuals exposed after the age of 
10 years, it was only 6.0 years. It may be that 
some secondary factor more common to adolescents 
than to young children is necessary to bring a 
latent infection to light. 

These data also reveal a definite relationship 
between the age at which exposure takes place and 
the probability of developing leprosy. The aver- 
age annual incidence rate for those exposed before 
5 years of age was 7.6 per 1,000; for those exposed 
between 5 and 10 years, 6.5; for those exposed 
between 10 and 15 years, 4.8; for those exposed 
between 15 and 20 years, 3.0; and for those exposed 
at ages over 20 years, it was only 1.3 per 1,000. 
The ratio of the attack rate for cadi group to the 
rate for all ages thus decreases regularly, for each 
age band at exposure, from 1 .7 to 1 for those exposed 
before 5 years of age to 0.3 to 1 for those exposed 
after the age of 20 years. This suggests greater 
susceptibility of young children to the disease; 
the earlier the exposure the greater the risk. In 
available records there are insuffident data to 
exclude the possibility that some or all of the excess 
incidence observed in those exposed at the younger 
ages may be attributable to greater intimacy of 
exposure. An infant crawls about, handles con- 
taminated objects, and may be fondled by a 
leprous member of the family. The comment may 
be made, however, that in these households, the 
primary ca^c occurred infrequently in the mother. 

Nothing has been said regarding the possible 
effect of duration of exposure. In the Philippines, 
for many years, lepromatous cases have been segre- 
gated promptly following discovery. It is not 
likely that the period between onset and discovery 
would be affected by the ages of those exposed in 
the household. 


Examining the data for males and females 
separately it will be seen that the major fact 
previously noted is true for both sexes, namely, 
there is positive correlation between age at ex- 
posure and risk of contracting leprosy. This risk 
is vety much higher for males than for females 
regardless of age at exposure. From other studies 
it would appear that this finding may be peculiar 
to lepromatous leprosy. Inddence rates for neural 
leprosy do not indicate a pronounced selectivity 
for either sex (2). The marked difference between 
inddence rates for the sexes in early diildhood, 
and espedally for those exposed at birth or shortly 
after, leads to a first assumption that the responsi- 
ble factor is not greater exposure of males than of 
females but rather greater susceptibility of males. 

Judging from the experience of those exposed 
under 5 years, admittedly too limited an experience 
to justify a final condusion, it would appear that 
if a difference in susceptibility between the sexes 
exists, it tends to decrease as adult life is ap- 
proached. For diildrcn in successive quinquen- 
nial age groups from 5 to 9 years upwards, the 
ratio of male to female inddence was 4.7, 2.6 and 
1.8 to 1. For those 20 years and over, it was 1.4 
to 1. This decreasing ratio is difficult to explain, 
assuming about the same number of males as of 
females to be infected, some secondary factor 
must reduce the resistance of tire former. This 
factor whether it be an inherent susceptibility as 
we have previously suggested (2), or some external 
factor, becomes progressively less important as the 
diildrcn grow older. 

In readiing the conclusion that greater sus- 
ceptibility of the male is the dffef factor, it has 
been assumed that environmental conditions are 
identical for male and female children. It should 
be mentioned, however, that in the localities under 
consideration, there was a conspicuous tendency to 
provide small female diildrcn with clothing to a 
greater extent than male. This would be protec- 
tive if Mycobacterium leprae enters through the skin. 

In favor of the view that males arc more sus- 
ceptible than females is the fact that the overall 
picture, when exposure to the disease takes place 
in later childhood, also indicates a substantially 
greater risk for males. Unfortunately the data 
are too limited to justify further speculation on 
this matter. 

SUMMARY 

A study of the life experience of 1520 individuals 
living in the province of Cebu, P. I., and exposed 
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in the household to lepromatous leprosy reveals 
the following facts: 

1. There is a clear relationship between age at 
time of exposure and the risk of developing 
lepromatous leprosy. It is highest for those ex- 
posed before the age of 5 years, decreasing pro- 
gressively as the age at time of exposure increases. 
This is true for both males and females. 

2. The ratio of the incidence rates for males to 
those for females, for those exposed before 5 years 
of age, varies from 4.7 : 1 for rates in the age band 
of 3 to 10 years to 1.4:1 for those of 20 years 
and over. 

3. The average interval between exposure and 
development of lepromatous leprosy was 10.5 years 
for those exposed under 10 years of age but only 
6.0 years for those exposed after the age of 10 years. 
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The purpose of this paper is to report on the 
treatment of Giardia lamblia infection carried out 
by us during 193S-1939 with “acranil” (3 chloro- 
7-mcthoxv-9-(2 hydroxy-3-dicthyl-amino) propyl- 
amino-acridinc-dihydrodiloridc), an acridine deriv- 
ative closely related to “atabrine” or “quinacrinc.” 
This study was carried out with a view of deter- 
mining the effect of the drug on infection with 
6. famWfa. No attempt was made to study the 
symptomatology or pathogenesis of lambliasis nor 
to evaluate the therapeutic effect of the drug on 
the clinical syndrome evoked by the infection. 

Moore and Dennis (1940) fully discussed the 
incidence and importance of Giardia lamblia in 
diarrheas of children at Beirut, Lebanon. Breuer 
(193S) gave a full discussion of the parasitology, 
epidemiology, pathogenesis, symptomatology and 
prophylaxis of lambliasis and reviewed the effec- 
tiveness of most of the drugs used for treatment of 
tliis condition up to 1938. We do not feel justified 
in presenting a second review of the same subject. 
We full}' endorse the conclusion reached by Breuer 
(193S) and by Carriere and Huvez (1932), that 
previously described and “recognized” methods of 
treatment of lambliasis are deceptive and gen- 
erally unsatisfactory. With the discovery of a 
selective chemotherapeutic effect by “atabrine” 
or “quinacrine,” the treatment of lambliasis en- 
tered a new phase and is receiving the increased 
attention which it deserves. 

Galli-Valerio (1936) was the first to report the 
effect of “atabrine” on Giardia lamblia infection in 
man. He and his pupils found a 40% infestation 
with G . lamblia in school children in Tessin, 
Switzerland, They observed that two of the 
children who had taken atabrine became free of 
the parasites and decided to study the effect of 
atabrine on G . lamblia . A few months later, 
Martin (1936) used “quinacrine” (the French 
equivalent of German “atebrin”) and reported 
favorable results obtained in 51 of 54 cases thus 
treated. Martin gave a single course of treatment 

1 Acranil was provided for these experiments by the 

manufacturer, “Bayer, 1 * - Leverkusen. 


with a daily dose of 0.3 gm. of quinacrinc for five 
successive days, Tanguy (1937) successfully 
treated 19 cases with quinacrine, using daily doses 
of 0.3 gm. for five days, followed by a second 
course of treatment given five days after termina- 
tion of tire first series. In only one case was it 
necessary to give a third and a fourth treatment 
before final cure. Luden Brumpt (1937) found 
quinacrinc to be highly effective against Giardia 
muris infection in mice. Tccon (1937) confirmed 
Martin's findings. Pagniez (1937) reported the 
successful treatment, with quinacrine, of a patient 
who had resisted previous treatment with arsenicals 
and other therapeutic agents. 

Fagot (1938), Garin (1938), Gruneis (1938), 
Heilman (193S), Badgalupo (1939), Morrison and 
Swalm (1939) and many others have reported 
favorably on the treatment of lambliasis with 
atabrine or quinacrine. Gxott (1938-1939) re- 
ported favorably on the treatment of lambliasis 
with atabrine, with sostol and with acranil. 

Although Giardia lamblia is one of the most 
common intestinal flagellates found in man, its 
inddence varies with country, locality and age. 
It is most common in children in communities 
where the inddence of protozoal infections in 
general is highest. The infestation rate is reported 
to vaiy between 1.66-48.7%. The significance 
and size of the problem is emphasized by Moore 
and Dennis (1940) and the data presented in 
table 1. 

EXPERIMENTAL 

The cases studied were selected from amongst 
three hundred children in two orphanages. The 
stools of these children were at first carefully ex- 
amined for all kinds of intestinal protozoa and 
helminths by the following three methods: 

a. Direct smear method. 

b. Hydrochloric add and ether concentration 
method, for helminth ova. 

c. Rectal swab in accordance with Hall’s technic 
(1937). 

Apart from Giardia lamblia , we found that these 
children were heavily infested with other intestinal 
protozoa and helminths (table 2). 
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The high rate of infestation with Enicrobius 
vermicularis (54.7%) was demonstrated by the use 
of Hall’s cellophane swab procedure (1937); the 


7 children 3-6 years old, received 0.1 gm. of 
acranil a day, given in a single dose for five 
consecutive days. 


TABLE 1 


Reported incidence of G. lamblia infection of man in different parts of the world 


AUTHOR 


LOCALITY 


Moore and Dennis (1940) 


Beirut, Lebanon (in diarrheas of children age 


Lund & Dennis (1939) 

Dennis & Lund (1937) 

Senekji, Boswell & Beattie (1939) 

Boeck &: Stiles (1923) 

Williamson, Kaplan & Geiger (1929), 

Faust (1929) 

Meleney, Bishop & Leathers (1932) . . 

Kessel & Mason (1930) 

Andrews & Paulson 

Summerlin (1934) 

Andrews (1934) 

Hill, C. M. & Hill, R.B. (1927) 

Ter-Mateossian 

Bacigalupo (1939) 


(W2) 

Lebanon & Syria (population survey) 

Hospital and clinic patients, Beirut 
Iraq 

U.S.P.H.S. Hospitals 

Chicago food handlers, Chicago hospital and 
dispensary cases 
North China 
Tennessee, U.S.A. 

Los Angeles General Hospital 
Hospital outpatients, Baltimore 
Adult private patients, San Diego 
L Children 
Fresnillo, Mexico 
Porto Rico — children 
Armenian (U.S.S.R.) 

Buenos Aires, Argentine 


NUMBER 

% 

INFEC- 

TION 

543 

15.5 


10.02 

4234 

5.48 


8.5 


6.5 

1148 

6.53 


1.66 


1.77 


14.7 

2731 

4.4 

312 

3.5 

1339 

2.4 

513 

3.7 

2303 


125 

48.7 

1200 

8.2-24 

7656 

7.45 


TABLE 2 


Results of examination of stools of 300 children 


PROTOZOAL INFECTIONS 

HELMINTHIC INFESTATIONS 

Protozoa 

i No. 

i - ■ 

% 

Helminths 

No. 

% 

JRndamoeba histolytica 

31 

10 

A scaris Itimbricoidcs • , 

27 

9 

R. coli . . . . . 

123 

XV j 

40 

Trichuris trichiura, 

43 

14.3 

Rndolimax nam i 

64 

21 

Rftfprnhi.il c ntrmiet/hlfis 

163 

54.7 

Todamoeba williamsi 

17 

5.6 

'Taenia sapinaia 

27 

9 

Chilomastix mesnilli - - - 

4 

1.3 

Eymenolepis nana* * 

27 j 

9 

Giardia lamblia 

50 

16.6 


] 



infestation rate was only 1% by the direct smear 
and concentration methods. The effect of acranil 
on the fifty cases of lambliasis has been studied. 
These cases were also heavily infected with other 
protozoa and helminths (table 3). 

As it is well-known that the encystment of 
Giardia lamblia occurs intermittently, enormous 
numbers of cysts appearing in a short time and 
then none for several days, followed by a shower 
of cysts later, it was decided to make five weekly 
stool examinations, beginning one week after the 
administration of the drug. These fifty cases were 
divided as follows: 


25 children between the ages of 7—12 received 
0.2 gm. of acranil a day in 0.1 gm. doses, 
given morning and evening after meals, 
for five consecutive days. 

10 children 13 years or more in age were given 
0.3 gm. of acranil a day in 0.1 gm. doses, 
three times daily for five consecutive days. 

2 children, 7 years old, with Giardia lamblia 
and Eymenolepis nana infestation were 
given 0.2 gm. acranil in one dose on the 
first day, early in the morning, followed 
by 0.1 gm. a day after breakfast for three 
more days. 















TREATMENT OF LAMBLIASIS WITH AGRANIL 


1 child, ten years old, also infected with G. 
lamblia and 27, nana was given 0.4 gm. of 
acranil on the first day on empty stomach, 


TABLE 3 

Protozoa and helminths associated with Giardia lamblia 
in the 50 eases under study 


rnoTozov 

NO. 

% 

nrutiNTns 

NO. 

% 

End amoeba his to- 
lytica 

10 

20 

.4$rar:s lutnbri - 
co ides 

, .. 

6 

12 

E. celt 

17 

34 

Tri charts tri- 
chiura 

10 

20 

Endolimax nana 

15 

30 

Entcrobius verntt* 
cularis 

IS 

36 

Iodamocba ui7- 
liamsi 

6 

12 

I 

Taenia saginata 

3 

6 

Chilomastix mes- 
nilit 

2 

4 

1 

Hymcnolcpis 

nana 

5 

10 
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were given after meals as described above. No 
attempt was made to modify the diet of these 
children. The children thus treated presented no 
ill effects from treatment other than the yellow 
discoloration of their skin. Those children who 
were infected with G. lamblia and 27. nana or T . 
saginata were treated differently in that they were 
given a calomel laxative the night before treat- 
ment, The next morning, on an empty stomach, 
they were given 2-5, 0.1 gm. tablets of acranil as 
described above, and three hours later a sodium 
sulfate purge was administered. Food was given 
three hours after the purgative. Three out of 
eight children treated in this way vomited their 
acranil tablets shortly after swallowing them, and 
they were given a second dose. The day following 
the treatment for tapeworms, acranil treatment 
for Giardia lamblia infection was continued for 
three successive days as described. 


TABLE 4 


Results of treatment of 50 cases of lambliasis with acranil 


ACE GROUT* 

■ no. or 

CASES 

i 

FINDINGS BEFORE TREATMENT 

TREATMENT WITH ACRANIL 

5 WEEKLY 
EXAMINATIONS 

FOR G. LAMBLIA 
AFTER TREATMENT 

3-6 years 

7 

G. lamblia only 

0.1 gm. daily for 5 days 

Negative 

7-12 years 

25 

G. lamblia only 

0.2 gm. daily for 5 days 

Negative 

13 and more 

10 

G. lamblia only 

0.3 gm. daily for 5 days 

Negative 

7 years 

■ 

1 

2 

G. lamblia + 27. nana 

0.2 gm. on 1st day, then 0.1 gm. 
for 3 days 

Negative 

10 vears i 

1 

I 

G. lamblia + 27. nana 

0.5 gm. on 1st day, then 0,3 gm. 
for 3 days 

Negative 

Adults 

3 

G. lamblia + 2\ 

i 

0.5 gm. on 1st day, then 0.3 gm. 
for 3 days 

Negative 


and thereafter was given 0.2 gm. a day in 
0.1 gm. doses morning and evening for 
three more consecutive days. 

2 children, 16 years old, infected with G. lainblia 

and 27. nana received 0.5 gm. of acranil on 
an empty stomach on the first day, and then 
0.3 gm. daily in 0,1 gm. doses, three times 
a day for three consecutive days. 

3 adults with G. lamblia and Taenia saginata 

infection, received 0.5 gm. acranil on an 
empty stomach on the first day, and then 
0.3 gm. in 0.1 gm. doses three times a day 
for three more consecutive days. 

These data are summarized in table 4. 

Children suffering from G. lainblia infection 
alone, were given 0.05-0,2 gm. calomel, according 
to their age, on the evening before beginning 
treatment with acranil. The tablets of acranil 


Beginning one week after the administration of- 
tlie last dose of acranil, weekly stool examinations 
were made for five consecutive weeks. All of the 
examinations for Giardia lainblia were negative. 
Hence it can be safely concluded that acranil is 
an efficient chemotherapeutic agent for the treat- 
ment of lambliasis in man. 

Acranil was found to have no parasiticidal effect 
on the concomitant protozoal infections with 
Endamceba histolytica , E. coli f Iodamocba williamsi , 
Endolimax nana , Chiloinaslix inesnilii, or on 
nematode infestations with As carts lumbricoides , 
Trichtris trichiura and Enter obius vermicularis. 

CONCLUSION 

The therapeutic effect of “acranil/ 7 an acridine 

derivative closely related to atabrine or quinacrine, 

was tested on fifty cases of Giardia lainblia infec- 
\ 
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tion in children. Acranil was found to be a highly 
efficient chemotherapeutic agent for lambliasis as 
shown by five consecutive weekly negative stool 
examinations made on all of the cases after medi- 
cation. The selective chemotherapeutic index of 
the drug may thus be considered as 100%. The 
drug was very well tolerated by the children, none 
of whom showed any toxic effects. There was 
slight discoloration of the skin which gradually 
disappeared. 

Acranil was found to have no parasitiddal effect 
on concomitant protozoal infections with Enda- 
n weba histolytica , E. coli> Iodamoeba williamsi , 
Endolimax liana and ChUomastix mcsnilii , or on 
nematode infestations with A scans Uimbricoidcs , 
Trichuris irichuria and Enter obi us vermicular is. 
Acranil was found to have some therapeutic effect 
against cestode infestations with Hymcnolepis nana 
and Taenia saginata . The results of the treatment 
of these tapeworm infestations with acranil will be 
given in a separate communication. 

My very best thanks are due to Dr. E. W. 
Dennis, Chairman of the Department of Bac- 
teriology and Parasitology, for valuable advice and 
for reading the manuscript. 
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BOOK REVIEWS 


Knowles's Introduction to Medical Protozoology. Second 
Edition. By B, M. Das Gutta, Professor of 
Protozoology and Director, Calcutta School of Tropi- 
cal Medicine. 104 illustrations and 10 coloured 
plates. P. I, VIII, 1-323. U, N. Dhur & Sons, 
Ltd., Calcutta, 1944. 

This interesting book is not presented as a compre- 
hensive substitute for the more complete reference 
books of protozoology but it is intended as a teaching 
text for advanced students of this subject. It reads 
easily and the material is well organized. The colored 
plates arc very clear and well arranged. The binding 
is not very substantial. 

Greatest emphasis in content is devoted to the 
Rliizopoda (Entamoeba), the Sporozoa, (Leiskmania 
and Trypanosoma) and to the Sporozoa (Plasmodia), 
as is commensurate with their incidence. Attention is 
also directed to the spirochaetcs and certain parasites 
of doubtful nature such as Toxoplasma, Bartonella, 
Rickettsia, Anaplasma, etc. There are excellent lists 
of pertinent references at the end of each chapter, 
along with appendices for similar organisms occurring 
among the lower animals. One limitation to its use 
here in the United States is the reference to some 
chemotherapeutic agents which arc unavailable in this 
country such as Bayer “205” for trypanosomiasis. 
However, in this respect little emphasis is placed on 
therapeutic measures throughout the book. Clinical 
manifestations of the diseases are not described very 
extensively. 

This book can be recommended for students because 
of the details given to certain diagnostic procedures 
such as splenic and sternal punctures, and laboratory 
methods for staining, culturing and mounting speci- 
mens. Attention is given to the distribution and occur- 
rence of the protozological diseases in India, an area of 
the world in which they are of very great significance. 

Donald J. Wilson. 

Manual of Clinical Mycology. By Norman F. Con ant, 
Ph.D., Donald Stover Martin, M.D., David 
Tillerson Smith, M.D., Roger Denie Baker, 
M.D., and Jasper Lamar Callaway, M.D. Pp. I- 
378, Illustrated. W. B. Saunders and Co., Phila- 
delphia and London. 

Under the auspices of the division of medical science 
of the National Research Council, five members of 


Duke University’s Medical faculty have collaborated 
in the preparation of a new manual of medical mycology. 
This latest publication in a series of military medical 
manuals is designed primarily to meet the need of 
military medical officers serving in the tropics of the 
South Pacific or South America where mycotic infec- 
tions are commonly prevalent. Because the book 
fills the need felt by all practitioners who have en- 
countered mycotic infections and their clinical problems, 
it is a handy and useful book for the clinician. 

One stated purpose of the book is clarification of 
mycotic nomenclature in the identification of patho- 
genic fungi. 

Both the common and rarer mycoses are handled 
with masterly simplicity. From the various stand- 
points of symptomatology, differential diagnosis, prog- 
nosis, treatment, pathology, and immunology these 
infections arc presented with clarity and thoroughness. 
Included among the cases discussed are such unusual 
conditions as South American Blastomycosis, and 
Histoplasmosis. Because geographical distribution of 
the mycoses is an important and essential factor in 
their identification care has been taken to point out 
the pathogenic fungi of certain regions. Discussion of 
laboratory methods for the identification and classifi- 
cation of fungi is complete and exhaustive. 

Also included are discussions of the use of specific 
vaccines, both in diagnosis and in treatment of the 
mycoses. Justifiable is the emphasis placed on the use 
of these vaccines to determine the degree of sensitivity 
in the case of blastomycosis before instituting the 
iodide therapy, but still controversial is the issue among 
clinical dermatologists as to the use of vaccines in the 
treatment of the mycoses and their id reactions. While 
some clinicians attach little or no importance to the 
use of these the authors report favorable results in some 
cases. Prescriptions included are of proved effective- 
ness in treatment. The closing section is an illustrated 
study of the microscopic and macroscopic appearance of 
common contaminants. 

Both the clinician and the mycologist will find use 
for this timely and worth while manual, for the number 
of these cases wall continue to increase as the result 
of the geographic displacement of population co- 
incidental to the war. 

Earl R. Cockerell. 
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THE EFFECT OF COX-TYPE VACCINE ON LOUSE-BORNE TYPHUS FEVER 


Ax Account of 61 Cases of Naturat.lv Occurring Typhus Fever in Patients Who Had 
Previously Received One or More Injections of Cox-type Vaccine 
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INTRODUCTION 

The attainment of successful immunization 
against epidemic louse-borne typhus fever has been 
one of the principal objectives in typhus research 
for many years. One of the early attempts to ob- 
tain a killed rickettsial vaccine was made by Da 
Rocha-Lima, who prepared a phenolized suspen- 
sion of lice which had been allowed to feed on 
typhus patients (1). Weigl extended Da Rocha- 
Lima’s observations by devising an ingenious 
technique for the inoculation of lice (2) and 
thereby made it possible to produce limited quan- 
tities of vaccine from louse intestines. The ob- 
servers who administered Weigl’s vaccine in 
Poland, China, and North Africa reported that 
the vaccine had a favorable effect in modifying 
the course of epidemic typhus (references cited 
in 3). 

Although the work of Da Rocha-Lima and Weigl 
thus indicated the possibility of successful im- 
munization against typhus fever with killed rickett- 
siae, the difficulties inherent in the preparation of 
louse vaccine rendered its utilization impractical 
on a large scale. Steps toward the solution of the 

1 Staff member, The Rockefeller Foundation, on 
leave. 


problem of obtaining sufficiently large quantities 
of rickcttsiac for the production of killed vaccines 
were made by Zinsser and Castaneda (4), who pro- 
duced abundant rickeltsiae from X-rayed rats, by 
Castaneda (5), who introduced the method for 
preparation of murine rickettsial vaccine from 
rodent lungs, and by Durand and Giroud (6), who 
prepared epidemic louse-borne rickettsial vaccine 
from mouse lungs. But a method even more 
practical and satisfactory was devised by Cox (7, 
S, 9), who utilized the yolk sac membrane of de- 
veloping chick embryos as a growth medium for 
rickettsiae of various types. 

There were several other approaches to the 
question of typhus vaccination, such as the use of 
“attenuated” living rickettsiae. Since the entire 
subject of typhus vaccines has recently been re- 
viewed in detail (3), this discussion will be re- 
stricted to a consideration of the effectiveness of 
Cox-type vaccine. 

Following Cox’s discovery, the observation was 
quickly made in several different laboratories that 
Cox-t}q3e vaccine was of value in protecting labora- 
tory workers from the severe and frequently fatal 
form of typhus fever to which their laboratory 
work so often exposed them (10, 11, 12, 13). 
Repeated vaccination, to be sure, did not prevent 
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infection among laboratory workers, but post- 
vaccination cases were, for the most part, greatly 
modified. Indeed, a verified account of a single 
fatal case of proven typhus fever in a laboratory 
worker adequately vaccinated with Cox-t 3 r pe vac- 
cine has not come to our attention. (The ex- 
pression “adequate vaccination” will be discussed 
in a later part of this report). 

In addition to the evidence from postvaccination 
laboratory infections, there is information bearing 
on the effects of Cox-type vaccine in humans who 
were given virulent challenge material. In Russia 
results were obtained which indicated that human 
volunteers' who received three doses of Cox-type 
vaccine were completely protected against death 
from typhus following subcutaneous inoculation of 
a suspension of virulent guinea pig brain, but that 
larger quantities of vaccine were required to reduce 
the morbidity in that type of challenge experiment. 
The clinical picture of typhus after vaccination was 
definitely less severe than typhus in unvaccinated 
persons (14). 

An account of the effect in humans of various 
types of vaccines, including the Cox type, has been 
published in Germany by Ding (15), whose report 
is of considerable interest though it omits much 
essential information, such as the number of per- 
sons involved, and the manner in which they were 
infected. Ding presented charts showing the 
average temperature curves of groups of persons 
who contracted typhus after vaccination. He in- 
cluded the average temperature curves of the un- 
vaccinated control groups also. He stated that 
the date of infection and incubation period were 
accurately known in every instance. The reader 
can assume from the shortness of the incubation 
period in the control unvaccinated groups, that 
Ding performed a direct experiment using a very 
heavy challenge dose of rickettsiae. It can be 
inferred, moreover, from the percentages which are 
stated in the tables, that Ding probably used large 
numbers of subjects in each group. The mortality 
of his two control groups was 20 to 30 per cent. 
He concluded that Cox yolk sac vaccine, as well as 
the louse intestine and rodent lung vaccine (in 
each of which the concentration of rickettsiae 
probably was similar to that prepared according 
to Cox’s method), protected against death from 
typhus but did not prevent the vaccinated persons 
from contracting mild infections. He stated that 
the fever was diminished in height and duration, 
and that complications were reduced in number 
and severity by the vaccines. 


Although tlie evidence from laboratory infections 
and from the experiments reported by the Russians 
and the Germans is impressive, it is obvious that 
laboratory infections and human experiments of 
that type do. not reproduce the conditions which 
prevail in populations suffering from an epidemic 
of louse-borne typhus fever where the mode of in- 
fection and the severity of exposure to typhus 
probably are quite different. Published evidence 
of the effectiveness of Cox-type vaccine under 
actual epidemic conditions is meager. The field 
studies of Cox vaccine which were attempted in 
Spain in 1941 (16) and in Bolivia in 1941-42 (17) 
did not yield definite results, A satisfactory field 
trial of Cox-type vaccine was, therefore, one of the 
principal objectives of the United States of 
America. Typhus Commission when it was 
formed in 1942 (18). 

The field group of the U. S. A. Typhus Commis- 
sion established its headquarters in Cairo, Egypt, 
in January 1943. With the cooperation of the 
Egyptian Ministry of Public Health, the Commis- 
sion members had an opportunity to study the 
effect of ether extracted Cox-type vaccine in a 
large group of persons intimately exposed by their 
occupations to naturally acquired typhus fever 
during two severe epidemics. Although the data 
thus obtained are not derived from the ideal type 
of field trial with large control groups, nevertheless 
the observations are considered of sufficient in- 
terest to justify a report at this time. 

The extent of the typhus epidemics in Egypt in 
1943 and 1944 . — Typhus fever has occurred every 
winter in Egypt for many years. Usually the out- 
breaks have varied from a few hundred to a few 
thousand cases, but in 1943 Egypt experienced the 
most severe epidemic in her recorded medical his- 
tory, when approximately 40,000 cases were re- 
ported, with an overall mortality of 14 per cent. 
At the peak of the epidemic in April and May, 
1943, more than 4,400 cases were admitted to the 
Cairo Fever Hospital at Abassia. In 1944 the 
incidence of cases in Cairo itself was approximately 
half that in 1943, with no diminution in mortality 
rate. 

Subjects of the vaccine study. — With such an ex- 
ceptionally large number of typhus cases being ad- 
mitted to the Cairo Fever Hospital it is obvious 
that the hospital employees were unusually exposed 
to the infection in the course of their duties in 
handling the typhus cases. Furthermore, many 
of these employees lived in the areas of the city 
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where typhus attack rates were high and were at 
risk there as well as in the hospital. 

Before 1943 typhus vaccine had not been ad- 
ministered to this group. In the 18 month period 
immediately preceding this study there were 25 
cases and eight deaths from typhus among the 
hospital employees. As the epidemic spread in 
1943 many new employees were added to the 
hospital staff to handle the large increase in typhus 
cases. In 1943 there was only one hospital in the 
Cairo area which admitted typhus patients (called 
the Cairo Fever Hospital at Abassia). In 1944 a 
second hospital for typhus was established (called 
the Embaba Hospital) . 

The employees of both hospitals were included 
in the vaccination program which was undertaken 
by the U. S. A. Typhus Commission in cooperation 
with the Egyptian officials. 

Plan of ihc vaccination program* — The U. S. A. 
Typhus Commission members vaccinated all those 
employees of the Fever Hospitals who appeared 
at the designated vaccination post each week. 
Since some of the employees did not desire to be 
vaccinated there was a group of persons who did 
not receive any vaccine. This unvaccinated group 
was considerably smaller than had been antici- 
1 pated, probably because most of the employees 
quickly became convinced that their comrades who 
acquired typhus after vaccination were much less 
severely ill than unvaccinated typhus patients. 

Immunization records of each employee were 
kept by the Commission. Most of the employees 
who contracted febrile illnesses, whether vac- 
cinated or not, were seen during their hospitaliza- 
tion by one or more of the Commission members. 
Owing to difficulties outside the scope of our dis- 
cussion, the clinical and laboratory information 
which was obtained from many of the postvaccina- 
tion typhus cases in 1943 was not as complete as 
we had desired, but in 1944 it was possible to admit 
several of the cases to the Commission ward for 
thorough clinical and laboratory studies and to 
follow the employees in the general wards of both 
Abassia and Embaba more closely, particularly 
from the clinical point of view. The records 
of the 1943 cases have been reviewed and those with 
inadequate information have been excluded from 
consideration in this report. The remaining 1943 
records have been combined with the 1944 records 
to form the group of 61 postvaccination cases 
which are now presented. The cases seen in 1943 
are designated by the letter G before their hospital 
numbers. Among the cases seen in 1944, the letter 


E indicates that -the case occurred in an Embaba 
Hospital employee; hospital numbers without a 
letter indicate cases at the Abassia Hospital. 

Schedule of vaccination . — Ether extracted Cox- 
type yolk sac vaccine equivalent in concentration 
to 10 per cent yolk sac suspensions of rickettsia of 
epidemic typhus (19) was used throughout. This 
vaccine met the potency requirements of the 
National Institute of Health U, S. Public Health 
Service. The aim was to give three subcutaneous 
injections of I cc. each at weekly intervals and to 
give stimulating doses of 1 cc. at intervals of 4 to 
6 months. Irregularity in attendance of the em- 
ployees created aberrations in this schedule in 
many instances. 

TABLE I ' 


Typhus fever in Cairo Fever Hospital employees 


TOTAL NUMBER OF HOSPITAL 
EMPLOYEES 

‘ 1 

1 

NUMBER WHO 
RECEIVED 1 OR 
MORE DOSES 
OF VACCINE 

CASI 

TYT 

AMON 

HOSt 

EMPIX 

No 

vaccine 

:s of 

HUS 

;g the 

’ITAL 

JYEES* 

After 1 
or more 
dosesof 
vaccine 

Jan. to July 1943 




Abassia: 879 

743 

8 

33 

Nov. 1943 to Sept. 1944 




Abassia: 830 

799 

1 

14 

Embaba: 517 

460 

1 

14 


* These do not include all cases among the 879 em- 
ployees diagnosed as typhus by the Fever Hospital 
physicians. Seven additional cases were reported, 
which are excluded here because of inadequate informa- 
tion in their records. 

Local reactions to vaccination (redness and 
transient tenderness) were infrequent and general- 
ized reactions were not observed. 

In 1943 vaccination was begun in February and 
continued until July. In the second season vac- 
cination was carried out between November, 1943, 
and September, 1944. Table I shows the number 
of employees, the number vaccinated with one or 
more doses, and the cases of typhus among the em- 
ployees in both seasons. 

Diagnosis of typhus fever after vaccination. — De- 
spite the mild course which distinguished many of 
the cases of postvaccination typhus, it was usually 
possible to recognize the disease on clinical grounds 
alone. Results of laboratory tests in nearly every 
case confirmed the clinical diagnosis. 
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In some instances, however, the diagnosis of 
typhus was made only with the aid of laboratory 
evidence, i.e., rise in titer of Weil-Felix and com- 
plement fixation tests during the illness or in early 
convalescence. The serologic criteria for the 
diagnosis of postvaccination typhus have been 
worked out by Zarafonetis (20) who has reported 
his results in other communications. In brief, he 
found that nontyphus febrile illnesses do not evoke 
high complement fixation titers in the sera of per- 
sons who have previously received multiple doses 
of Cox- type vaccine, including various numbers of 
stimulating doses. On the other hand, he found 
that known typhus infections regularly do stimu- 
late production of high complement fixation titers 
in the sera of patients who have been vaccinated 
previously. Stimulating doses do not produce 
rises in titer of the magnitude found after known 
typhus infection in previously vaccinated persons. 
The results of Weil-Fclix tests were usually similar 
to results of the complement fixation tests. 

Since the serologic criteria as established in Zara- 
fonetis’ work were based on studies of 100 known 
nontyphus febrile illnesses and sixteen definite 
cases of postvaccination typhus, 2 we have applied 
his results with confidence to the interpretation of 
the changes in titers observed in vaccinated pa- 
tients in the present study, particularly when clini- 
cal evidence alone was inadequate for the basis of 
a diagnosis of typhus, either because of insufficient 
observation of the patient or because of the 
unusually mild course of the infection. 

Strains of rickcttsiae were isolated from the 
blood of a few of the cases by Colonel Plotz in 
1943 and by the authors in 1944. Although our 
studies are not yet complete, we have preliminary 
evidence which indicates that the blood of several 
cases of postvaccination typhus was infectious for 
human lice. These results will be described in 
detail when current studies are completed. 

Estimation of severity of illness . — To facilitate 
the analysis of cases an arbitrary classification of 
clinical severity was adopted. After discharge 
from the hospital each patient was classified on 
the basis of his clinical course. The principal fac- 
tors which influenced the estimation of severity 
were the intensity of subjective symptoms (head- 
ache, generalized bodily aches and pains, tinnitus, 
deafness); the degree of prostration; the extent of 

2 By definite cases of postvacci nation typhus we mean 
those patients from whom strains were isolated or whose 
clinical course was unquestionably typhus. 


central nervous system involvement (mental dull- 
ness, stupor, coma, incontinence of urine and feces, 
abnormal neurological signs) ; the severity of cardio- 
vascular system involvement (hypotension, tachy- 
cardia, peripheral vascular failure, myocardial 
damage); and finally, the occurrence of urinary 
retention, oliguria, nitrogen retention, broncho- 
pneumonia, otitis media, parotitis, furunculosis, 
and gangrene. With these factors in mind the 
following classification was made: 

"A”: Cases so mild that a definite diagnosis of 
typhus on clinical evidence alone was not 
possible, the final diagnosis being made 
only with the aid of positive laboratory 
data. 

“B”: Cases with minimal symptoms and signs, 
yet definitely diagnosed as typhus on clini- 
cal evidence. 

“C”: Cases of moderate severity, showing slight 
prostration, central nervous system in- 
volvement, cardiovascular changes, or 
mild complications. 

“D”: Severe typhus fever cases, with marked 
prostration, central nervous system in- 
volvement, cardiovascular changes, or ' 
serious complications. 

“E”: Cases so severely ill that a fatal outcome 
was expected at some point in the clinical 
course. 

“F”: Fatal cases. 

The clinical classification of severity was devised 
as a method for tabulating the severity of the in- 
dividual case. In order to indicate the severity of 
disease in a whole group, arbitrary numerical 
values, increasing with each increase in severity, 
were assigned to the clinical classifications. When 
applied to each case in a series, these figures have 
been added and averaged to arrive at an index for 
comparison of different groups. The following 
values were assigned to each classification: “A” 
cases, 10; “B”, 20; “C”, 30; “D”, 40; “E”, 50; 
and “F”, 60. 

Definitions and assumptions . — The term “one 
dose of vaccine” is defined as a single subcutaneous 
injection of 1 cc.; “two doses of vaccine” as two _ 
injections of 1 cc. each, etc. 

The interval of 10 days is accepted as the usual 
incubation period of louse-borne typhus fever. 
The “probable date of infection” of each case can 
therefore be said to have occurred 10 days before 
the onset of the disease. 

It is assumed that a period of 10 to 12 days must 
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elapse after a dose of typhus vaccine before any 
immunity can be considered to have developed as 
a result of that injection of typhus vaccine. 

On the basis of these assumptions, we have ar- 
ranged our postvaccination patients in the follow- 
ing groups in order to facilitate an evaluation of 
their severity in relation to the amount of vaccine 
and the interval between vaccination and onset of 
illness: 

Group 1: Onset of typhus 21 dayS ° r more after 
the 3rd dose of vaccine. 

Group 2: Onset of typhus 21 days or more alter 
the 2nd dose of vaccine. 

Group 3: Onset of typhus 21 days or more after 
the 1st dose of vaccine. 

Group 4: Onset of typhus less than 12 days after 
the 1st dose of vaccine. 

Several of the patients in Group 1, 2, and 3 
received additional doses of vaccine at some time 
during the 21 day period preceding the onset of 
their illness. These additional doses have been 
disregarded in the arrangement of eases according 
to the above classification, but the number of extra 
doses in relation to onset of illness is stated for each 
patient in the column marked “Notes” in Table V. 

Background for the valuation of the results of 
vaccination. — As already noted, there was no 
strictly comparable group of unvaccinated control 
subjects in this clinical study. It \vas not consid- 
ered justifiable to withhold vaccination from any 
of the hospital emplo} r ees who were so greatly at 
risk 'under these conditions. However, data are 
available from the different groups which supply 
information concerning the severity of typhus 
fever among unvaccinated Egyptians. 

The first unvaccinated group is composed of ten 
hospital employees (seven females; three males; 
ages 18 to 45 years) who refused vaccination and 
contracted typhus in the course of their duties. 
They were cared for ia the general wards of the 
Fever Hospital. The second unvaccinated group 
is composed of 44 male Egyptians, ages 18 to 48 
3 7 eais, whose clinical course was thoroughly studied 
in the Commission ward where they received no 
specific treatment except adequate fluids, good 
nursing, and energetic measures to combat those 
complications which arose in the course of their 
illness. 

These two groups are referred to as the “cordon 
cases” and the “Commission ward cases”, respec- 
tively. In offering them for comparison with the 
vaccinated cases we are fully aware of the objec- 
tions which can be raised to this procedure. On 


the other hand, the course of epidemic louse-borne 
typhus in unvaccinated, untreated Egyptians as 
seen in the Cairo Fever Hospital was severe and 
entirely typical of the disease as it has occurred in 
epidemics in other countries. The possibility ex- 
ists that some of these patients may have had 
typhus in infancy and therefore would be expected 
to suffer only mild forms of the disease in second 
attacks as adults. That this consideration may 
be dismissed as of minor importance in Cairo in 
1943 and 1944 is shown by the high mortality of 
the disease in the age groups (16-48) which are 
most pertinent to this study (see Table II). 

Course of typhus fever in nnvaccinatcd Egyptians . 
— The severity of illness and duration of fever in 
relation to age for the 44 unvaccinated Commission 
ward cases are shown in Table III. The cases 

TABLE II 


Typhus fever in theCairo Fever Hospital (Abassia) between 
January 1 7 1943 and September i, 1944: Age-specific 
case fatality rates 


AGES 


MALES 



FEMALES 

Cases 

Deaths 

Mortal- 

ity 

Cases 

Deaths 

Mortal- 

ity 

16-20 

1247 

120 

per cent 

9.6 

689 

60 

per cent 

8.7 

21-25 

1363 

208 

15.2 

586 

61 

10.4 

26-30 

988 

252 

25.5 

540 

74 

13.7 

31-35 

598 

184 

30.8 

377 

71 

18.8 

36-40 

I 422 

i 142 

33.6 

232 

1 59 

1 25.4 

41-48 

, 264 

: 124 

47.0 

135 

; 44 

32,6 


were classed as follows: 1 “B”, 12 “C”, 18 “D”, 5 
“E”, and 8 “F”. In spite of hospitalization dur- 
ing the first week of illness and good nursing care, 
the mortality was 18 per cent, and the average 
duration of fever was 181 days for the nonfatal 
cases. 

The course of typhus in the ten unvaccinated 
hospital employees treated in the general hospital 
wards is shown in Table IV. The average duration 
of fever was 15J days in the nonfatal cases. There 
were seven females, average age 26 years, and three 
males, average age 27 years. 

Course of typhus fever in vaccinated Egyptians . — 
Group 1 (three doses of vaccine at least 21 days 
prior to onset). — Clinical notes from the records 
of five patients who were thoroughly studied on the 
Commission ward are presented to illustrate some 
of the features of postvaccination typhus (see 
Table V). 
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TABLE III 


Forty-jour unvaccinated male Egyptian typhus fever 
patients admitted to the commission ward in the first 
week of illness 


HOSPITAL NO. 

age 

DURATION OF 
FEVER* 

CLINICAL 
CLASSIFICATION 
OF SEVERITY t 


years 

days 


7654 

18 

21 

D 

1197 

18 

IS 

E 

5587 

19 

38 

E 

558 

20 

16 

C 

5043 

20 

17 

C 

6243 

20 

16 

, C 

16929 

20 

19 

D 

530 

21 

14 

C 

3195 

21 

16 

C 

4114 

21 

16 

D 

5754 

21 

25 

D 

19094 

21 

35 

D 

6568 

21 


F 

18347 

22 

10 

C 

375 

22 

14 

D 

1525 

22 

17 

D 

2780 

22 

19 

D 

3799 

22 

27 

D 

2422 

23 

16 

D 

2735 

23 

15 

D 

6339 

24 

16 

C 

1896 

25 

17 

C 

3919 

25 

15 

c 

5508 

25 

27 

D 

8119 

25 

19 

D 

5808 

25 

18 

E 

1690 

26 

12 

C 

6146 

26 


F 

18989 

27 

18 

B 

1495 

27 

14 

D 

12412 

28 

15 

D 

885 

29 

14 . 

i D 

15006 1 

30 

18 

D 

5133 

30 


F 

7250 

30 


F 

5708 

32 

18 

C 

17035 

32 i 

13 

D 

1902 

35 

27 

E 

5585 

35 

16 

E 

2621 

35 | 


F 

3307 

36 


F 

7464 

43 


F 

5769 j 

46 


F 

835 

47 

14 

C 

1 


* Rectal temperatures were taken every 4 hours. A 
value above 37.5°C. once or more during the 24 hour 
period was called a day of fever. 

f The letters are explained in the text. 


$1680. 3 doses of vaccine, the last dose 39 days 
before onset. Male, 45 years. This patient had a 
severe chill the first day combined with frontal head- 
ache and, later, joint pains. Rash was moderate. His 
mild course was marked latterly by the development of 
bilateral costovertebral pain and microscopic hema- 
turia. After 12 da}'s of moderate elevation of tempera- 
ture he continued to maintain a low grade fever until 
the 21st da}\ His temperature record is given in Fig. 1 . 
(The importance of his hematuria in relation to typhus 
is not clear; bilharzia infection in Egypt is widespread. 
The rdle of the kidney in typhus is discussed elsewhere 
(21).) Clinical classification of severity; “B.” 

$2653. 5 doses of vaccine, the last dose 117 days 
before onset. Male, 26 years. Typhus Commission 
field worker. He had rather severe headache and 

TABLE IV 


Ten unvaccinated Fever Hospital employees who contracted 
typhus (cordon cases) 


HOSPITAL 

NO. 

SEX 

AGE 

1 

1 

DURATION 
OF FEVER* 

CLINICAL 
CLASSIFI- 
CATION OF 
SEVERITY t 



years 

days 


G 5204 

hi 

18 

13 

c 

G 2919 

M 

28 

14 

C 

G 3709 

M 

34 


'F 

G 169 

F 

18 

14 

C 

G 5239 

F 

19 

1 20 • 

1 D 

2798 

F 

20 

18 

D 

E 5287 


25 


F 

G 1111 


1 25 

13 

C 

G 1060 


30 

15 

C 

G 2994 


45 


F 


* Temperatures were taken orally, at least twice 
daily, morning and night. Oral temperatures above 
37.0°C. are counted as indicating a day of fever. 

f The letters are explained in the text. 

malaise. The rash was fleeting but definite. With 
the history and the rash no difficulty was experienced in 
making the diagnosis, though the course was mild. 
Fever lasted 9 days. Clinical classification of sever- 
ity; “B.” 

$2657. 3 doses of vaccine, the last dose 87 days 
before onset. Male, 45 years. He appeared to be at 
least 55 years old. He was never especially ill during 
his course. He developed a tremor of his limbs, almost 
Parkinsonian in character. This disappeared during 
convalescence. Fever lasted 12 days. , Clinical classi- 
fication of severity: “B.” 

$2799. 3 doses of vaccine, the last dose 103 days 
before onset. Male, 18 years. This was a problem in 
diagnosis. Moderately ill; said he felt “weak,” but 
had no specific complaint. There was nothing to be 
found but a very few fleeting macules requiring careful 
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search. There was no conjunctival injection. Fever 
lasted 10 days. Clinical classification of severity: “B ” 
#2805. 5 doses of vaccine, the last dose 79 days 
before onset. An obese male, age 33 years. He com- 
plained of generalized body pains, especially in the 
knees, and said he felt “feverish.” He had severe 
headache. There was some tinnitus and slight deaf- 
ness. His course was mild. Fever lasted 8 days. 
Clinical classification of severity: "B.” 


\ 

classed as follows: 4 “B”, 3 “C 5 \ Four were fe- 
males, average age 19 years. Three cases were 
males, average age 28 years. 

Group 3 (one dose of vaccine at least 21 days 
prior to onset) : The data from the eleven patients 
in Group 3 are shown in Table V. The average 
duration of fever was 12.7 days. The cases were 
v classed as follows: 2 “B”, 8 “C”, and 1 “D” 



•c *c 



B: Superimposed temperature records of six vaccinated cases (three or more injections) studied on the ward. 


The data from the remaining 21 patients in 
Group 1 who were observed in the cordon are 
shown in Table V. 

The average duration of fever for all the patients 
in Group 1 was 10J days. The cases were classed 
as follows: 1 "A” 20 “B” 5 "C”, none in “D”, 
“E”, or “F”. Fifteen of the cases were females, 
average age 22.7 years; eleven cases were males, 
average age 31.8 years. 

Group 2 (two doses of vaccine at least 21 days 
prior to onset) : The data from the seven patients 
in Group 2 are shown in Table V. The average 
duration of fever was 12 days. The cases were 


Five were females, average age 21 years. Six 
cases were males, average age 34 years. 

Group 4 (onset of typhus less than 12 days after 
first dose of vaccine) : The data from the seventeen 
"patients in Group 4 are shown in Table V. 
(#2002 was a Commission ward case, the others 
were observed in the cordon). The average dura- 
tion of fever of the nonfatal cases was 15 days. 
The cases were classed as follows: 4 “B”, 8 “C”, 
4 “D”, and 1 *‘F”. There were twelve females, 
average age 23.6 and five males, average age 27.8 
years. 


TABLE V 

Duta pertaining to 61 patients ivho contracted typhus fever after varying amounts of Cox type vaccine 
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Comparison of the freer charts of vaccinated and 
unvaccinatcd cases . — Fig. 1 shows the temperature 
curves of eases studied in the Commission ward. 
The records of six unvaccinatcd patients were se- 
lected at random from the 44 male eases. Their 
temperature curves are shown in Part A of Fig. 1, 
The records of six male patients who had received 
three or more injections of Cox vaccine arc shown 
in Part B. 

ANALYSIS OF THE DATA 

The details in the foregoing tables arc sum- 
marized in Table VI which is arranged to show the 
clinical severity and duration of fever in relation 
to the amount of vaccine received. The 44 unvac- 
cinatcd Commission ward eases (all males) and the 
ten unvaccinatcd cordon eases (three males, seven 
females) arc considered together as one group. 
The postvaccination male and female hospital 
employees arc likewise considered together in this 
table. The average age of each group is indicated. 

It is apparent that the patients who received 
three or more doses of vaccine 21 days or more 
before the onset of typhus had the mildest course 
and the shortest febrile period. As the amount 
of vaccine decreased, the clinical severity and the 
duration of fever increased. The only fatal case 
in any of the vaccine groups occurred in Group 4 
(patients who were in the incubation period of 
typhus when vaccination was first begun). For 
convenience, Group 1, 2, and 3 are combined into 
a single group at the bottom of the table. There 
is a striking contrast between the 54 unvaccinatcd 
eases and the 44 eases in Vaccine Group 1, 2, and 
3 as regards clinical severity and duration of fever. 
Furthermore, there were eleven fatal cases in the 
unvaccinatcd; none in Group 1, 2, and 3. The 
numerous differences which were noted between 
the unvaccinated and the vaccinated eases, such as 
the incidence and severity of complications, the 
degree of prostration, the occurrence of nitrogen 
retention, and so forth, are summarized in the 
clinical classification of severity which is based on 
the combined evidence from each patient's record. 

To what factors may these differences between 
the unvaccinated and the vaccinated patients be 
attributed? The figures for all of the typhus 
cases admitted to the Cairo Fever Hospital (see 
Table II) indicate a rise in mortality with increas- 
ing age, the usual relationship observed in all louse- 
borne typhus epidemics. Further, it is clear that 
females had a lower mortality than males in the 
same age groups, a phenomenon which has occa- 


sionally been noted in other countries (22). In 
view of these facts, it is necessary to determine 
whether the mildness of postvaccination typhus in 
this group of hospital employees can be attributed 
to differences in the sex and age distribution of the 
patients. To facilitate an analysis of these factors 
the cases have been arranged according to sex and 
age in Table VII, VIII, IX, and X. 

Sci'crity of poslvaccinalion typhus in male pa- 
tients , — The- data from the male patients are pre- 
sented in Table VII and IX. The ages of the 
postvaccination male patients were greater than 
those of the unvaccinatcd male patients. It is 
clear that there was a very definite difference in 
clinical severity between the unvaccinated males 
and the Group 1 males. The severity of Group 1, 
2, and 3 combined, likewise shows a difference from 
the unvaccinatcd eases. The Group 4 cases are 
discussed in a later section. 

Can these differences be attributed to chance? 
One approach to this question is a calculation of 
the coefficient of correlation between the amount 
of vaccine and the clinical severity of the cases. 
To reduce complicating factors to a minimum, the 
calculation is restricted to the male hospital em- 
ployees only, since these patients form the most 
nearly homogeneous group in the study. The 
group is composed of twenty patients who received 
one or more doses of vaccine 21 or more days before 
the onset of illness, and three patients who con- 
tracted typhus without previous vaccination. 
The patients who were first vaccinated during the 
incubation period of typhus are not included in the 
calculation. Doses of vaccine given less than 21 
days before onset are not counted. The mean 
amount of vaccine for the 23 patients was 2.22 cc., 
standard deviation dt 1.51. The mean severity 
was 26, the standard deviation =b 9.86, The 
coefficient of correlation r between the amount 
of vaccine and the clinical severity was —0.644, 
which is more than three times the standard error 
of the number. Reference to Table VI in Fisher 
and Yates (23) shows that with such a value of 
r it is highly unlikely that the correlation ob- 
served between the amount of vaccine and the 
clinical severity of postvaccination typhus was 
due to chance. 

An obvious factor which might account for the 
observations in this group of 23 patients would be 
an age distribution such that those cases which had 
less vaccine were the older patients who might 
reasonably be expected to undergo a more severe 
clinical course. Inspection of Table IX suggests 
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TABLE VI 

Summary of data from male and female typhus patients, including commission ward and cordon eases 


VACCINE CROUP* 

1 

TOTAL 
NUMBER IN 
GROUP 

AVERAGE 

AGE 

AVERAGE 
DURATION 
OF FEVEE 

NUMBER OF PATIENTS IN EACIT CLINICAL CLASSI- 
FICATION OF SEVERITY 

INDEX OF 
SEVERITY t 

A 

B 

c 

D 

E 

F 



years 

days 








Group 1 

26 

26.6 

10.5 1 

1 

20 

5 

0 

0 

0 

22 

Group 2 

7 

22.3 

12.5 

0 

4 

3 

0 

0 

0 

24 

Group 3 

11 

28. 2 

12.5 

0 

2 

8 

1 

0 

0 

30 

Group 4 

17 

24.9 

15 

0 

4 

S 

! 4 

0 

1 

, 32 

No vaccine 

54 

26.4 

18 

0 

1 

! 17 

S 20 

5 

11 

| 41 

Total, Group 1, 2, and 3 











combined 

44 

26.4 

11 

1 

1 26 

16 

1 

1 0 

; o 

23 


* Group 1— three doses of vaccine at least 21 days prior to onset. Group 2— two doses of vaccine at least 21 
days prior to onset. Group 3— one dose of vaccine at least 21 days prior to onset. Group 4— onset of typhus 
less than 12 days after first dose of vaccine. 
f Index of severity is defined in the text. 


TABLE VII 


Comparison of unvaccinatcd and vaccinated Egyptian mate typhus patients 


VACCINE GROUP** 

TOTAL 
NUMBER IN 
GROUP 

AVERAGE 

AGE 

i 

AVERAGE 

DURATION 
OF FEVER 

NUMBER OF PATIENTS IN EACH CLINICAL CLASSI- 
FICATION OF SEVERITY 

INDEX OF 

severity! 

A 

B 

C 

D 

E 

F 



years 

days 








Group 1 

11 

31.8 

11.1 

1 

9 

i 

0 

0 

0 

20 

Group 2 

3 

27.7 

10.7 

0 

1 

2 

0 

0 

0 

27 

Group 3 

6 

34 

13.0 

0 

1 

4 

1 

0 

0 

30 

Group 4 

5 

27.8 

18.5 

0 

1 

2 

1 

0 

1 

34 

No vaccine (commission 











ward and cordon eases 






i 




- 

combined) 

47 

26.4 

18.1 

0 

1 

1 

18 

i 5 

9 

42 

Total, group 1, 2, and 3 











combined 

20 

31.9 

11.6 

1 

; 11 

i 

7 

1 

0 

0 

24 


*f See footnotes Table VI. 


TABLE VIII 

Comparison of unvaccinated and vaccinated Egyptian female typhus patients ( hospital employees) 


i 

VACCINE GROUT* 

TOTAL 
NUMBER IN : 

AVERAGE 

AGE 

AVERAGE 
DURATION 
OF FEVER j 

NUMBER OF r ATTESTS IN EACH CLINICAL CLASSI- 
FICATION Or SEVERITY 

INDEX OF 
SEVERITYt 




A ! 

B 

c ! 

D 

E 

F 

Group 1 

15 

years 

22.7 

days | 

9.7 

0 

1 

11 

4 

i 

0 

0 

0 

23 

Group 2 

4 

18.3 

12.8 

0 

3 

1 

0 

0 

0 

23 

Group 3 

5 

21.2 

12.4 

0 

1 

4 

0 

0 

0 

28 

Group 4 

12 

23.6 

13.1 

0 

3 

6 

3 

0 

0 

30 

No vaccinej 

5 

| 21.4 

16.3 

0 

0 

2 

2 

0 

1 

40 

Total, group 1, 2, and 3 
combined 

24 

| 21.7 

10.8 

0 

15 

9 

1 0 

0 

0 

22 


See footnotes Table VI. 

} This group does not include two unvaccinatcd hospital employees, ages 30 and 45, who were C and F respec- 
tively, in order to make the age distribution more nearly comparable to that of the vaccinated groups. 



COX-TYPE VACCINE AND TYPHUS FEVER 


459 


that this was not the case and calculation of the 
appropriate coefficients of correlation confirms that 
impression. The age distribution of the 23 male 


was no group of well-studied, unvaccinated female 
Commission ward typhus patients for comparison 
with the postvaccination cases, and only seven un- 


TABLE IX 

Data from male Egyptian typhus cases arranged according to age and amount of vaccine 


AMOUNT or VACCINE 


AGES 


16-20 

21-25 

26-30 

31-35 

36-40 

41-48 


Total 


Unvaccinated cases 

Group 1 cases* 

Group 2 cases 

Group 3 cases 

Total, group 1, 2, and 

3 combined 

Number of 
patients 

Duration of 
fever 

Index of se- 
verity! 

Mortality 

Number of 
patients 

Duration of 
fever 

Index of se- 
verity 

Mortality 

75 j3 

IJ 

S rt 
*3 c. 
Z 

Duration of 
fever 

Index of se- 
verity 

Mortality 

Number of 
patients 

Duration of 
fever 

Index of se- 
verity 

Mortality 

Number of " 
patients 

Duration of 
fever 

u 

Vi 

o Ss 

H’C 
a o 
-a > 
a 

Mortality 


days 


per 

cent 


days 


per 

cent 


days 


per 

cent 


days 


per 

cent 


days 


per 

cent 

s 

19.7 

3S 

0 

1 

10.0 

20 

0 









1 


20 

0 

19 

IS. 7 

38 

5.3 





1 

9.0 

20 

0 

1 

17 

40 

0 

2 


30 

0 

■nl 

iHBI 

42 

30.0 

5 

9.2 

18 

0 

2 

11.5 

30 

0 

i 

12 

20 

0 

8 


21 

0 

6 

18.5 

4S 

33.3 

2 

KB] 

20 

0 





2 

11 

30 

0 

4 

JU 

25 

0 

1 

- 

60 

100 



30 

0 





1 

15 

30 

0 

2 

lac 

30 

0 

3 


50 

66.7 


16.5 

20 

0 





1 

12 

30 

0 

3 

M 

23 

0 

47 

18.1 

42 

19.0 

11 

n.i 

20 

0 

7 

10.7 

27 

0 

6 

13 

30 

0 

20 

11.6 

24 

i 0 

l 


*f See footnotes, Table VI. 


TABLE X 

Data from female Egyptian typhus cases arranged according to age and amount of vaccine 


AMOUNT Or VACCINE 



Unvaccinated cases 

Group 1 cases* 

Group 2 cases 

Group 3 cases 

Total, group 1,2, and 

3 combined 

AGES 

Number of 
patients 

Duration of 
fever 

o 

to 

o o 

•3 > 
c 

t— 1 

Mortality 

Number of 
patients 

Duration of 
fever 

Index of se- 
verity 

Mortality 

Number of 
patients 

Duration of 
fever 

Index of se- 
verity 

Mortality 

Number of 
patients 

Duration of 
fever 

Index of 
severity 

Mortality 

Number of 
patients 

Duration of 
fever 

Index of * 
severity 

I 

V* 

O 



days 


per 

cent 


days 


per 

cent 


days 


per 

cent 


days 


per 

cent 


day's 


per 

cent 

16-20 


17.3 

36.7 

0 

10 

9.0 

22 

0 

4 

12.8 

23 

o 

3 

13.7 

30 

0 

17 

m 

24 

0 

21-25 



45 

50 

1 

13.0 

20 

0 





2 

10.5 

25 

0 


11.3 

23 

0 

26-30 

1 

HUB 


0 

1 

11.0 

20 

0 










ffm 

20 

0 

31-35 1 
36-40 





2 

9.5 

25 

0 










9.5 

25 

0 

41-48 

1 



100 

1 

13.0 

30 

0 









1 

13.0 

30 

0 

Total 

7 


48 

28.6 

15 

9.7 

23 


4 

12.8 

23 


5 

12.4 

28 


24 


[ 22 

I 0 

1 






*t See footnotes, Table VI. 


hospital employees, therefore, does not explain the 
milder course of those who received more vaccine. 

Severity of posivaccination typhus in female pa- 
tients . — The data from the female patients are 
shown in Table VIII and X. There was a pre- 
ponderance of cases in the age group 16-20. There 


vaccinated 'female cordon cases. The same rela- 
tionship was apparent between clinical severity 
and amount of vaccine for female patients as for 
males. The correlation coefficient for female 
patients, obtained in the manner described in the 
preceding section, was —0.635. This value indi- 
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cates that the observed relationship between clini- 
cal severity and amount of vaccine would occur 
by chance only once in more than a thousand sam- 
ples of this size. There was no unusual distribu- 
tion of ages in the groups which received different 
amounts of vaccine, which might explain the 
differences in severity. 

Effect of vaccination on mortality . — The age- 
specific case fatality rates in Table II, representing 
the entire population of typhus eases admitted to 
the Cairo Fever Hospital in 1943 and 1944 in the 
age group 16-48, have been used to calculate the 
expected number of deaths among a group of 61 
persons with the same age and sex distribution as 
the postvaccination cases in this study. The 
theoretical number of deaths would be eleven. 
Actually, one death occurred in the vaccinated 
group (a patient who received one dose of vaccine 
only 3 days before the onset of illness). A com- 
parison has been made to determine the statistical 
significance of this difference. 



SUR- 

VIVED 

DIED 

TOT At. 

Vaccinated cases 

60 

1 

61 

Theoretical cases, death rates 
from Table II 

50 

11 

61 


110 

12 

122 


Chi square for this table is 9.23 and the correspond- 
ing value of P lies between 0.01 and 0.001. This 
difference in mortality between the vaccinated 
patients and an equal number of Egyptians of the 
same sex and ages would be expected to occur by 
chance only once in more than a hundred samples 
of this size. 

If we consider as “vaccinated” only those pa- 
tients in Table V who had one or more doses of 
vaccine 5 days or more before the onset of typhus, 
in comparison with a similar group of the same 
size (mortality rates from Table II) , chi square is 
found to be 11.04 and P is less than 0.001, indicat- 
ing the occurrence by chance of such a difference 
only once in more than a thousand samples of this 
size. 

Effect of vaccination on the incidence of typhus . — 
The effect of vaccination in reducing the attack 
rate of typhus was discussed in Gilliam’s 1943 
report (24). It was not possible to gain further 
information in 1944 which might have thrown more 
light on the question. Our data are such that we 
cannot draw conclusions as to whether multiple 


doses of vaccine reduce the incidence of typhus 
or not. 

The effect of vaccination during the incubation 
period of typhus . — There were sixteen patients who 
first received vaccine 11 days or less before the 
onset of typhus and one patient who received her 
first dose 13 days before onset. These patients 
were considered together in Vaccine Group 4 and 
have been regarded as vaccinated during the in- 
cubation period of typhus. The duration of fever 
and the clinical severity are shown in Table V, VI, 
VII, and VTII. It is apparent that the course of 
illness in the Group 4 cases was somewhat milder 
and shorter than in the unvaccinated group. One 
death occurred in Group 4, a 35 year old male 
patient who was first vaccinated 3 days before on- 
set. The expected number of deaths for a group 
of seventeen patients with the same sex and age 
distribution would be 2.6. This difference between 
expected and observed deaths is not statistically 
significant. 

Duration of the effect of a course of vaccination . — 
The longest interval observed between the last 
dose of vaccine and tire onset of typhus was 325 
days, the next in order being 200, 161, 138, and 117 
days. Most of the intervals were less than 100 
days. There was no apparent diminution in bene- 
fit up to 325 days, but it is not possible to make 
any statements from these data regarding the 
maximum duration of the effect of a course of 
Cox-type vaccine. 

DISCUSSION 

Before the vaccination program was undertaken, 
typhus fever among the employees of the Cairo 
Fever Hospital was characteristically severe. Al- 
though few in number, those employees who re- 
mained unvaccinated and contracted typhus during 
the period covered by this study were likewise 
severely stricken. The contrast between the un- 
vaccinated patients and those who had received 
two or more doses of Cox vaccine 21 days or more 
before the onset of illness was very impressive. 
There were no severely ill patients, i.e., “D”, 
“E”, or “F” cases, in Vaccine Group 1 and 2, 
whereas the evidence indicates that two-thirds of 
the unvaccinated cases in the same age groups fall 
into the severe groups, “D”, “E”, or “F”. On 
the basis of these observations, and insofar as 
attenuation of clinical course is concerned, it is 
postulated that “adequate” vaccination against 
typhus may be defined as two or more doses of 
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Cox-type vaccine of standard potency 3 - adminis- 
tered more than 21 days before the onset of typhus. 

There was no sharp division between Group 1 
and 2 and Group 3 and 4. One dose of vaccine 21 
days before onset seemed to be of value. Indeed, 
it is possible that one or more doses of vaccine 
during tire incubation period may have a favorable 
influence on the course of illness. These data 
cannot be said to establish this point, but the im- 
pression is gained that vaccine was of benefit dur- 
ing the incubation period. In this regard Durand 
(25) makes the following statements about his 
killed rickettsial vaccine from rodent lungs in 
reference to epidemic control. “Out of several 
thousands of doctors and various officials pro- 
fessfonally exposed to infection, being vaccinated 
with three injections of rodent-lung killed classical 
typhus vaccine onty one fatal case occurred while 
a high mortality rate was encountered among the 
non-vaccinated personnel. Typhus occurs mostly 
among the vaccinated when vaccination is done 
during the incubation period or is over eight 
months old. The disease, even in the latter two 
categories is generally mild and of short duration.” 
Further, he states that, using potassium or sodium 
amylxanthate instead of formol in rodent-lung 
killed vaccine, “Even a single centimetre seemed 
to be of value in epidemic control. Typhus fever 
is nearly always shortened and very mild even 
when injection has been performed during the last 
days of incubation.” 

The figures in the small series in this study 
would seem to lend support to Durand’s conclusions. 
It is probable that in an epidemic one or two injec- 
tions of vaccine could be given to a great man)^ of 
the future victims. The lessening of the severity 
and the shortening of convalescence would be ob- 
jectives entirely consistent with the public health 
aspects of epidemic control. Thus, in view of the 
data from Vaccine Group 4, we recommend that 
vaccination be undertaken during an epidemic of 
typhus and that more information be obtained on 
the effect of vaccination during the incubation 
period. 

SUMMARY 

An account has been given of 61 cases of nat- 
urally occurring classical typhus fever in patients 

3 The potency requirements for Cox vaccine are 
issued to laboratories manufacturing typhus vaccine 
by the Biologies Control Laboratory of the National 
Institute of Health, U. S. Public Health Service, Be- 
thesda, Maryland. 


who had received, previous to the onset of illness, 
one or more injections of Cox-type vaccine. The 
course of the disease in the vaccinated has been 
contrasted with the course in 54 unvaccinated 
patients. 

It is concluded that two or more doses of Cox- 
type vaccine (1 cc. each) given 3 weeks or more 
before the onset of typhus reduce the mortality 
as well as the severity of naturally acquired typhus 
fever as it occurs under the conditions which 
prevail during epidemics. 

It is regarded as possible that administration of 
vaccine during the incubation period of typhus will 
lessen the severity of illness. The authors recom- 
mend that vaccination be included in epidemic 
control programs . 

ACKNOWLEDGMENTS 

To the officials of the Egyptian Ministry of 
Public Health who facilitated the studies of the 
United States of America Typhus Commission in 
Egypt, the authors wish to express their apprecia- 
tion for the generous cooperation they received. 

To the Director of the Cairo Fever Hospital, 
Dr. M. A. B. Demerdash Bey, who made possible 
the establishment of the United States of America 
Typhus Commission ward and laboratory in his 
institution, the authors express their sincere grati- 
tude. His extensive experience with typhus fever, 
his continued interest in our work and his helpful 
advice and cooperation have been of great value 
to the members of the United States of America 
Typhus Commission in Cairo. 

The advice in preparation of the manuscript 
given by Dr. M. Theiler is gratefully acknowledged. 

REFERENCES 

1* Da Rocha-Lima, H.: Die Schutzimpfung gegen 

FlecVfieber. Med. Klin., 2: 1147-1150 (1917); 

Schutzimpfungsversuche gegen Fleckfieber. 

Munch, med. Wochenschr., 2: 1454-1456 (1918). 

2. WniGLj R.: Untersuchungen und Experimente an 

FJeckfieberlausen. Die Technik der Rickettsia- 

Forscbung. Beitr. z. Klin, der Infektionskr., 8: 

353-376 (1920). 

3. Biraud, Y.: The present menace of typhus fever 

in Europe and the means of combating it. Bull. 

Health Organization, League of Nations, /10: 

1-64 (1942-43). 

4. Zinsser, H., and Castaneda, M. R.: A method of 

obtaining large amounts of Rickettsia prowazeki 

by X-ray radiation of rats. Proc. Soc. Exp. 

Biol, and Med., 29: 840-844 (1932). 

5. Castaneda, M. R. : Experimental pneumonia pro- 



462 


ECKE, GILLIAM, SNYDER, YEOMANS, ZARAFONETIS, MURRAY 


duced by typhus rickettsiae. Am, J. Path., 15: 
467-475 (1939). 

6. Durand, P., and Giroud, P.: Essais de vaccina- 

tion contre le typhus historiquc au moyen de 
rickettsias tu£es par le formol (souches pul- 
monaires). Compt. rend. Acad. Sci., 210: 493- 
496 (1940). 

7. Cox, H. R.: Use of yolk sac of developing chick 

embryo as medium for growing rickettsiae of 
Rocky Mountain spotted fever and typhus 
groups. U. S. P. H. Reports, 63: 2241—2247 
(1938). 

S. Cox, H. R,, and Bell, E. J.: Epidemic and en- 
demic typhus: protective value for guinea pigs 
of vaccines prepared from infected tissues of the 
developing chid: embryo. U. S. P. H, Reports, 
55: 110-115 (1940). 

9. Cox, H. R. : Cultivation of rickettsiae of the Rocky 
Mountain spotted fever, typhus, and Q fever 
groups in the embryonic tissues of developing 
chicks. Science, 94: 399-403 (1941). 

10. Personal observations of the authors. 

11. Gold, H., and Fitzpatrick, F.: Typhus fever in a 

previously vaccinated laboratory worker. J. 
Am. Med. Assoc., 119: 1415-1416 (1942). 

12. Van den Ende, M*, Stuart-H arris, C. H., Har- 

ries, E, H. R., Steigman, A. J., and Cruick- 
shank, R.: Laboratory infection with murine 
typhus. Lancet, 1: 328-332 (1943). 

13. Topping, N. H.: Typhus fever. A note on the 

severity of the disease among unvaednated and 
vaednated laboratory personnel at the National 
Institute of-Health. Am. J. Trop. Med., 24: 
56-62 (1944). 

14. SuoRODiNTSErr, A.: Personal communication. 


15. Ding, E.: Uber die Schutzwirkung verschiedener 

FleckfieberimpfstofEe beim Menschen und den 
Fleckfieberverlauf nach Schutzimpfung. Zeit. f. 
Hyg. u. Infektkr., 124: 670-682 (1943). 

16. Rockefeller Foundation, Annual Report, 1941, 

New York, N. Y. p. 75. 

^17. Dyer, R, E., and Topping, N. H.: Personal com- 
munication. 

18. Bayne-Jones, S.: The United States of America 

Typhus Commission. Army Med. Bull., No. 68, 
4-15 (1943). 

19. Rogers, J. A.: Vacdnation against typhus fever, 

cholera, and plague. Circular letter No. 3. J. 
Am. Med. Assoc., 118: 385-386 (1942). 

20. Zaraeonetis, C. J. D.: To be published. 

21. Yeomans, A., Snyder, J. C., Murray, E. S., Ecke, 

R. S., and Zarafonetis, C. J. D.: Azotemia in 
typhus fever. To be published. 

22. Reder, J.: Das Fleckfieber. Franz Deuticke, 

Leipzig u. Wien, 191S, p. 117. 

23. Fisher, R. A., and Yates, F.: Statistical tables 

for biological, agricultural, and medical research. 
Oliver and Boyd, London, 1938. 

24. Gilliam, A. G.: Report to the Director of the 

United States of America Typhus Commission. 
July 1943. 

25. Durand, P.: Congres wv&L iatoaUte, Alger, FdvrU' 

ary 1944, p. 22-24. 

26. Plotz, H., Wertman, K., and Bennett, B. L.: 

The serologic pattern in epidemic typhus fever. 
1. The development of complement-fixing anti- 
bodies. Report from Division of Virus and 
Rickettsial Diseases, Army Medical School, De- 
cember 1943. To be published. 



THE ^EFFECTIVENESS OF INTENSIVE MAPHARSEN, BISMUTH AND 
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Vivax malaria infections acquired by the Ameri- 
can serviceman in the South Pacific area are char- 
acterized by a tendency to repeated recurrences, 
and in this respect present a major problem. Some 
men are now entering their fourth 3'ear since be- 
coming infected and are continuing to relapse at 
almost monthly intervals. Little difficulty has 
been experienced in interrupting each acute attack, 
but irrespective of the amount of any drug, or the 
duration of its administration, it has not been 
possible to eradicate the infection permanently in 
those who possess a tendency for repeated re- 
lapses. Consequently, in an effort to unearth a 
curative drug or regime, it seemed wise to explore 
the effectiveness of some of the arsenical com- 
pounds when used in combination with atabrine. 

Although it has been well established that 
neither neoarsphenamine nor mapharsen has much 
therapeutic effect in Plasmodium malariac and 
P. falciparum infections (1, 2, 3) the use of arseni- 
cals has been recommended from time to time for 
the treatment of P. vivax infections, particularly 
the chronic type (4), However, many of the 
recommendations were not based on conclusive 
investigations. Most of the reports have been 
casual and have emanated from the field, where it 
has been impossible to differentiate relapses from 
reinfections and where the therapeutic approach 
has been to give the arsenical injections at irregular 
intervals, with an inadequate follow-up. 

A search of the literature shows that arsphen- 
amine has been used for many years in the treat- 
ment of malarial infections (5, 6). As early as 
1910, Werner (7) showed that it had therapeutic 
value in benign tertian malaria. Since then, this 
has been corroborated frequently, but it has been 
stated that relapses following this drug have been 
common (5). In 1932, Goldman (8), working 
with mapharsen, not only showed it to be effective 
in both induced and natural benign tertian malaria, 
but also reported recurrences following its use to 
be rare. Very recently, Kay (9) , using three doses 
of mapharsen, to a total of 0.160 grams, in con- 

*Lt., MC, TJSNR. 

2 Lt. Comdr., MC, TJSNR. 

3 Captain, MC, TJSNR. 


junction with atabrine in 67 cases of relapsing 
tertian malaria, showed that it had no effect on the 
relapse rate. A similar finding was noted in a 
review of cases of malaria at this Post where it 
was found that almost 100 men had received infre- 
quent or interrupted courses of some arsenical.. 
In general the treatments had consisted of from 1 
to 5 intravenous injections of neoarsphenamine or 
mapharsen, administered at various installations, 
and attended with no apparent beneficial results. 

Since this South Pacific vivax malaria is a non- 
fatal disease, the question may well be asked why 
use a potentially harmful drug, such as an arseni- 
cal, in its treatment. The reasons which led to a 
trial of intensive mapharsen therapy were: 

(1) The failure of any compound thus far used 
to effect a cure in a large number of men with this 
type of 'malaria, i.e., in “chronic relapsers” many 
of whom will soon be in the fourth year of their 
infections. 

(2) The observation here that all malarial re- 
currences ceased in a group of eight luetic patients, 
who were receiving mapharsen therapy (regular 26 
weeks course of treatment). 

(3) The desire to decide beyond doubt whether 
mapharsen (as representative of therapeutically 
effective arsenic compounds) in maximum tolerated 
dosage would succeed in eliminating the type 
malaria under consideration and if not, to recom- 
mend strongly against its further use. 

MATERIALS ANT) METHODS 

The present report includes results obtained in 
the following treatment programs: 

Group I. Mapharsen in combination with 
atabrine. 

Group II. Mapharsen in combination with 
bismuth. 

Group HI. Carboarsone and atabrine, and 
Group IV. Atabrine alone (control group)/ 

In Group I, the program _of mapharsen therapy 
employed was modelled after the plan suggested 
by Eagle (10), for the treatment of early syphilis. 
During an acute relapse of malaria, the arsenical 
was started simultaneously with atabrine, the 
463 
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latter given over a seven day period to a total of 
3.2 grams. Mapharsen was given to the patients 
by intravenous injections 0.06 gram three times a 
week until each subject had received 20 mgm. per 
kilogram of body weight. This amount was 
selected as it represented the smallest quantity of 
arsenic which could be considered curative in 
syphilis. The thrice weekly regime was used be- 
cause, as Eagle found, it provided the least toxic 
program of intensive arsenic therapy. 

The subjects who underwent treatment in this 
group were carefully selected because many of the 
men who acquired malaria in the South Pacific are 
known to be recovering spontaneously. Only 
those patients were included in this investigation 
in whom further, regular recurrences (approxi- 
mately monthly) could be anticipated with a fair 
degree of certainty (table 1). 

Since the use of mapharsen without bismuth is 
considered to give less satisfactory results in the 
treatment of syphilis than the two drugs in com- 
bination (10), and also since bismuth has some 
anti-malarial effect, it was decided to try a second 
and smaller group on this combination, Group II. 
However, since the majority of subjects in this 
group were luetics, our program of treatment 
varied. Five subjects received one weekly injec- 
tion of 0.2 gram, of bismuth subsalicylate intra- 
muscularly for 12-15 weeks, in addition to the 
thrice-weekly injections of mapharsen as in Group 
I. Four others received regular anti-luetic 
therapy. Seven of the men in this group received 
a minimum of 30 mgm. of mapharsen per kilogram 
of body weight (table 2). 

In Group III, 48 patients received carbarsone 
orally. The basis for its trial was that organic 
pentavalent arsenicals are more active against 
protozoan forms than are the organic trivalent 
arsenic compounds such as mapharsen (11). Ac- 
cording to Bispham, acetarsone, a related com- 
pound has been tried, and, although it, too, con- 
trols the acute P, vivax infection, it does not 
prevent relapse. Acetarsone, however, has only 
one-eighth the therapeutic index of carbarsone, 
so it was felt that the latter deserved a trial. 
Although our carbarsone treatment schedule could 
not be considered intensive, it did afford the op- 
portunity to use an oral drug containing pena- 
valent arsenic. 

To 10 men in this group, only carbarsone, 0.5 
gram, twice daily, was administered for 7 days. 
In the remaining 40 cases, carbarsone, in the same 
dosage as above, was given concurrently with 


atabrlne, 0.2 gram, twice daily for seven days 
(total dose 2.8 grams). Subjects in this group 
were not selected as in Groups I and II but repre- 
sented 48 successive cases admitted to our wards 
with acute episodes of malaria. This was similar 
to the selection of cases in the control Group (IV) 
treated with atabrine (0.2 gram tid for 1 day and 
bid for 6 days to a total dose of 3.0 grams). 

Accepted procedures were followed in an effort 
to detect early evidence of toxic reactions during 
the period of actual treatment with mapharsen. 
In Groups I and II during therapy and for a period 
of 3 months following completion of the therapy, 
each subject was followed by means of a weekly 
blood smear for malaria parasites and a urine ex- 
amination to determine whether he was treating 
himself with quinine or atabrine. Furthermore, 
if at any time any of these men complained of 
feeling sick, additional blood smears were 
examined. 

In the Groups III and IV following the comple- 
tion of therapy blood smears of all subjects were 
examined twice a week for a period of three months. 

TOXIC REACTIONS 

The men in Groups I and II suffered no serious 
toxic reactions to the arsenic administered. One 
patient developed an acute psychosis, which, in 
part, might have been the result of mapharsen, 
although there were several other factors con- 
cerned. He made an uneventful, spontaneous 
recovery. Gastric distress was encountered ten 
times, some aching (often of the head) with and 
without fever was observed six times, diarrhea was 
complained of five times and thrombosis or local 
tissue reaction was seen in three of the patients. 
Two subjects showed a transient elevation of blood 
bilirubin to 2.6 and 2.8 mgm. per cent respectively. 

In the carbarsone group, no toxic effects were 
noted. 

RESULTS 

There were 19 patients in Group I who received 
mapharsen and atabrine, four were dropped as 
shown in table 3. Of the 15 who completed treat- 
ment, none exhibited clinical or parasitic relapses 
while under treatment and all were improved sub- 
jectively. Within one month after the cessation 
of treatment seven of the 15 had both parasitic 
and clinical relapses and by the end of the three 
months observation period only three had remained 
parasite or clinically free of malaria (table 1). 
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TABLE 1 


Effect of mapharsen and atabrine on chronic Vivax malaria 
Group L Mapharsen, 0.06 gram 3 times a week. Total of 20 mgm. per kilo of body weight 


SUBJECT 

number 
or RE- 

LAST 3 ATTACKS OF 
MALARIA BEFORE ONSET 


MAPHARSEN 

) 

RELAPSE DURING 

3 MONTHS 
FOLLOW-UP 

LAPSES 

OF THERAPY 

Started 

Date 

Com- 

pleted 

Date 

Total 
number 
of doses 

Total 

amount 

During 

therapy 

Parasite 

date 

Clinical 

date 

E. G. B 

20 

Oct. Dec. Jan. 

m 

3/19 

21 

gms 

1.08 

0 

4/8 

4/8 

C. E. G 

12 

Oct. Nov. Jan. 

K 

2/28 

21 

1.20 

0 

0 

0 

J. M. G 

15 

Oct. Nov. Jan. 

1/17 

3/14 

23 

1.36 

0 

3/28 

3/31 

J. F. G 

20 

Sept. Nov. Jan. 

1/12 

4/11 

29 

1.54 

0 

4/18 

4/23 

D. W. L 

30 

Nov. Dec. Jan. 

1/29 

3/19 

22 

1.24 

0 

5/23 

6/12 

K. R. M 

9 

Sept. Parasitemia 

1/5 

3/7 

25 

1.33 

0 

0 

0 

J. J* N 

15 

through Dec. and 
Jan. 

Oct. Dec. Jan. 

1/22 

3/23 

27 

1,56 

0 

4/4 

4/6 

R. C. N 

15 

Sept. Nov. Jan. 

1/15 

3/2 

21 

! 1.14 

0 

4/11 

4/11 

A. D. Off 

mm 

Sept. Nov. Jan. 

1/6 

3/16 

29 

1.68 

0 

0 

0 

J. N. P 

mm 

Sept. Nov. Jan. 

1/10 

2/28 

22 

1.23 

0 

3/14 

3/19 

\Y. L. Q 1 

Efl 

Dec. Jan. Jan. 

1/29 

3/23 

23 

1.28 

0 

4/18 

4/20 

F, H. R 

El 

Sept. Dec. Jan. 

1/22 

3/30 

26 

1.50 

0 

6/13 

6/13 

I. L. S 

wM 

Oct. Dec. Jan. 

1/17 

3/21 

26 

1.47 

0 

6/13 

0 

G. A. S 

4 

Oct. Nov. Jan. 

1/10 

3/12 

28 

1.46 

0 

4/23 

4/23 

A. G 

15 

Nov. Jan. Mar. 

3/2 j 

5/4 

23 

1.35 

0 

5/16 

5/20 


* Had parasite and clinical relapse 8/S. 


TABLE 2 


Effect of mapharsen and bismuth on chronic Vivax malaria 


SUBJECT 

NUMBER 
OP RE- 

MAPHARSEN 

TOTAL 

GMS. 

MA- 

TOTAL 

GMS. 

BIS- 

DURINC 

THERAPY 

RELAPSE DURING 

3 MONTHS 
FOLLOW-UP 

COMMENT 


LAPSES 

Started 

Date 

Completed 

Date 

PHAR- 

SEN 

MUTH 

Parasite 

date 

Clinical 

date 


1. E. W. B 


2/ 2/45 

1SE&11 

B 

2.0 

0 

4/25/45 

6/17/45 

Non-luetic 

2. G, H. D 


1/31/45 


19 

2.4 

0 

0 

0 

Non-luetic 

3. P. A. C 


5/20/44 

S/30/44 

1.95 

3.2 

0 

0 

0 


4. R. K 

11 

1/22/45 

4/13/45 

1.90 

3.6 

0 

7/ 5/45 

7/ 6/45 


5. J. W. M 

10 

3/ 7/45 

6/ 1/45 

2.1 

3.0 

0 

7/11/45 

7/12/45 


6. A. W. K 

17 

10/23/44 

5/ 2/45 

2.4 

3.2 

3/14/45 

5/19/45 

5/19/45 

At time of 1st relapse, 
had received ma- 
pharsen 1.2 gm., 
bismuth 1.0 gm. 

7. J- D 


7/15/44 

2/28/45 

2.4 

4.4 

0 

o 

0 


8. T. D. B 


9/11/44 

3/ 9/45 

2.4 

3.2 

0 

0 

0 


9. W.B 

i 

i 

i 

21 

2/27/44 

3/28/45 

1.8 

i 

3.6 

2/ 9/45 

0 

0 

At time of relapse, 
had received ma- 
pharsen 1.8 gm., 
bismuth 3.6 gm. 


1-5 Received Mapharsen 0.06 gm. 3 times a week and Bismuth 1.2 gm. I.M. 1 time a week for 8-12 weeks. 
6-8 Received regular “26 weeks course” of anti-luetic therapy. 

9 Received 12 months course of anti-luetic therapy. 

Note: All luetic patients (3-9) at completion of above treatment showed reversal of blood Kahn. 
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Similar results were observed in the nine patients 
in Group II who received mapharsen and bismuth 
(table 2), although two men relapsed while under 
treatment. It is worthy of note, however, that 
both of these relapses occurred during a course of 
bismuth, one had received a total of 1.2 grams, of 
mapharsen, but none for six weeks prior to the 
attack, while the other had received 1.8 grams, of 
mapharsen, but none within turn weeks of the 
attack. Three other subjects relapsed within 
three months of completion of treatment. In all, 


there were 24 parasitic relapses (63%) and 14 clini- 
cal relapses (37%). In comparison, tire control 
group of 94 patients treated with atabrine alone 
had 66% parasite and 47% clinical relapses 
(table 3). 

conclusions 

1. Arsenic therap 3 r administered intensively by 
intravenous injections writh or without bismuth or 
atabrine has no influence on the relapse rate of 
South West Pacific vivax malaria. 


TABLE 3 


Relative effectiveness of mapharsen , bismuth , carbarsonc and atabrine 



w 

1 ° 

1 gg 

i j 

RELAPSED WITH- ' 
IN 1 MONTH j 

i 

RELAPSED WITH- 

IN 1-2 MONTHS 

RELAPSED WITH- 

IN 2-3 MONTHS 

TOTAL RELAPSES 
WITHIN 

3 MONTHS 

TREATMENT STORED 
TRIOR TO 


< S 

o H 

1 * 

Para- j 
site 

Clini- 

cal 

Para- 

site 

Clini- 

cal 

Para- 

site 

Clini- 

cal 

Para- 

site 

Clini- 

cal 

COMPLETION OT COURSE 

Group I. Mapharsen 

i 19 

7 

7 

2 

2 

3 

2 

12 

11 

1 diarrhea 

and Atabrine 

1 

47% 

47% 

13% 

j 

13% 

20% 

13% 

80% 

| 

| 

73% 

! 

] 

4~1 psychosis 

2 uncooperative 

Group II. Mapharsen 
and Bismuth 

12 

i 

4 

44% 

3 

33% 

0 

i 

0 

1 

| H% 

i 

2 

22% 

5 

55% 

5 

55% 

1 g i distress 

3-1 uncooperative 

1 transferred 

Group HI-A. Carbar- 
sone alone 

10 

8 

80% 

3 

30% 

° 

j 

0 

, 2 
20% 

0 

! 

10 

1100% 

3 

30% 


Group III-B. Carbar- 
sone and Atabrine 1 

38 ! 

i 

5 

13% 

4 

11% 

s 

21% 

6 

16% 

i 

11 

1 29% 

t 

1 4 

i u% 

i 

i 24 
| 63% 

14 

37% 


Group III. Carbarsone 
(total) 

48 : 

13 f 
27% 

7 

15% 

S 

17% 

6 

13% 

1 13 
27% 

1 4 

8% 


1 17 
35% 


Group IV. Atabrine 

i 

94 

10 

11 % ! 

3 

3% 

40 

! 43% 

25 

j 27% 

12 

13% 

16 

17% 

62 

66% 

44 

47% 



only four patients remained free of a clinical or 
parasitic relapse (table 2) . 

Carbonsone given without atabrine was found 
to terminate the attack in five of ten men in Group 
III b} 7 <the end of 24 hours, in two by the end of 48 
hours, in one by 72 and in two by the end of 96 
hours. Parasites had disappeared from the periph- 
eral blood during treatment in all but one of these 
patients. In four cases, however, parasitemia re- 
curred within ten da}^s. In the three month period 
all ten cases had parasitic relapses but only three 
experienced clinical attacks. In the group of 38 
who received atabrine in conjunction with car- 
barsone, at the end of the three month period, 


2. Although carbarsone exerts a therapeutic 
effect on the acute attack of vivax malaria, it is 
definitely inferior to atabrine. 

3. In view of the above findings, arsenical prepa- 
rations such as mapharsen and carbarsone are 
not indicated in the treatment of acute or chronic 
malaria. 
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PIGMENTATION OF THE PALATE AND SUBUNGUAL TISSUES ASSOCIATED 
WITH SUPPRESSIVE QUINACRINE HYDROCHLORIDE THERAPY 
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A slate grey pigmentation of the hard palate and 
the subungual areas of the fingers and toes has 
been observed among the troops serving in the 
South West Pacific Area. The purpose of this 
investigation is to determine the prevalence and 
etiology of this condition. 

In the hard palate, the pigment deposits vary 
in intensity and color from slate-grey to blue-black, 
first appear near the midline, and extend laterally 
to the gingival margins. There is usually a well- 
defined border. Several patients who had partial 
upper dentures had pigment deposited only in those 
areas untouched by the prosthesis. In the sub- 
ungual areas, the early lesion is a'slatc grey patch 
or transverse line near the center of the nailbed. 
The pigmentation spreads and intensity increases 
but does not involve the distal quarter of the 
nailbed. In the most advanced eases almost the 
entire subungual tissue may be involved and there 
is direct extension into the adjacent skin along the 
lateral borders of the nails. The nails are un- 
affected. There arc no associated symptoms and 
the average soldier is not aware of the condition 
until it is called to his attention. 

Extensive reviews of the literature on pigmenta- 
tion, such as that of Jeghers (1), fail to mention 
this syndrome. Subungual pigmentation oc- 
curring in two per cent of a Marine unit serving in 
the South Pacific is reported by Barr (2). Pig- 
mentation of the hard palate is not mentioned. 
He attributes the condition to continuous suppres- 
sive quinacrine (atabrine) therapy on the basis of 
his observation that the pigmentation diminishes 
when administration of the drug is discontinued 
for one month. 

RESULTS 

Five hundred men selected at random among 
medical and surgical patients in a general hospital 
in the South West Pacific were examined by two 
observers. Length of time in the tropics, duration 

1 Lt. Col., M.C. 

2 Maj., M.C. 


of suppressive quinacrine therapy, 3 occurrence [of 
slate pigmentation of the palate and subungual 
tissues and history of attacks of malaria were re- 
corded. Pigmentation of some degree occurred 
in 156 or 31,2 per cent. 

The incidence of slate pigmentation in patients 
who had been on suppressive quinacrine therapy 
and in the tropics for from 1 to 29 months is shown 
in table 1. Frequency is calculated for each 6 
month period. In no instance was pigmentation 
observed in patients who had received suppressive 
quinacrine therapy for less than 7 months. There- 
after the incidence increased to a level of 63.8 per 
cent for the 19 through 24 month period and 63.6 
per cent for the 25 through 29 month period. 

Since no patient who had been on suppressive 
quinacrine therapy less than 7 months showed any 
slate pigmentation, it was of interest to find how 
long the 146 patients in this group had been in the 
tropics. Seventy had resided in the tropics more 
than 6 months hut had been on islands where 
there is no malaria and suppressive quinacrine is 
not taken. This group of 70 may be contrasted 
with the group of 354 patients who also had been 
in the tropics for more than 6 months but who had 
taken quinacrine for from 7 to 29 months. In the 
latter group 156 (44.0 per cent) showed slate pig- 
mentation of some degree. If tropical residence 
were a causative factor, some of the first group 
should have exhibited pigmentation. The absence 
of any involvement in this group of 70 on the basis 
of chance alone is calculated to occur considerably 
less often than once in a million times. 

Three patients with marked pigmentation were 
observed for a period of 6 weeks during which no 
quinacrine was given. In no instance was reduc- 
tion in its intensity or extent observed. There 
was found to be no correlation between a history 
of malaria and the incidence of pigmentation. 

The red blood count, white blood count and 
hemoglobin of these patients were not abnormal 

3 The majority received 0.1 gram of quinacrine 
hydrochloride daily but in some units the dose was in- 
creased to 0.5 gram twice weekly for a period of several 
months. 
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except in those whose presenting disease, for which 
they were hospitalized, caused abnormalities. The 
urine of three patients with marked pigmentation 
was examined for porphyrin by ultraviolet light. 
None was present in 24-hour specimens. The 
urine of 30 others was examined for hemosiderin 
with negative results (3). 

PATHOLOGY 

The nature and distribution of the pigment wa$ 
studied by biopsy. Sections were obtained from 
the mucous membrane of the hard palate in two 
patients and from the skin on the lateral aspect 
of the toe, adjacent to the nail, in another. In 
both locations, there is extensive deposition of a 
pigment which stains yehow-hrown with hema^ 
toxylin-eosin. This pigment is most abundant 
immediately beneath the epidermis but is also 
scattered through the deeper layers of the derma 

TABLE 1 

Relation between suppressive quinacrine therapy and 
occurrence of pigmentation 


MONTIIS OK SUPrRESSIVE 
QUIK\CRIKE 



0-6 

7-12 

13— IS 

19- 

21 

25- 

29 

Number in group 

146 

161 

124 

47 

22 

Number showing pigmen- 






tation 

0 

44 

68 

30 

14 

Per cent show ing pigmen- 






tation 

i 

0 

27.3 

1 

54.8 

63.8 

63.6 


and lamina propria. It is found in the mononu- 
clear phagocytic cells and extracellularly. None 
could l)e demonstrated in the epithelium. 

In an effort to determine the chemical nature of 
the pigment, other stains were employed. With 
Gomori’s modification of Turnbull's blue method 
for hemosiderin (4), the characteristic blue reac- 
tion is observed. Mallory’s hematoxylin stain 
for iron and copper, on tissues fixed in formalin, 
stains the piement a deep brown. These reactions 
suggest that the pigment contains iron in an ac- 
cessible form and is hemosiderin. 

Sections from the skin adjacent to the toe nail 
also reveal branching, thin, somewhat granular, 
delicate filaments in the derma and epidermis, with 
some extension beyond the margins of the tissue, 
and yeast-like forms singly and in clumps. Fungi 
are not demonstrated in sections from the palate. 
They arc believed to be contaminants but are 
mentioned because further studies may show that 


they are of importance in localization of the 
pigmentation. 

DISCUSSION 

The prevalence of palatal and subungual pig- 
mentation among troops who have served more 
than six months in the South West Pacific Area 
is demonstrated in this survey. Previous to 
Barr’s report, this condition had not been described 
among persons living in the tropics. Our analysis 
does not suggest that tropical service alone is a 
contributing factor. There is positive correla- 
tion with quinacrine consumption. 

Assuming that the pigment is hemosiderin, 
neither its derivation nor the factors which de- 
termine the sites of deposition are known. There 
is no evidence of previous hemorrhage or excessive 
blood destruction. Recent studies on the toxic 
effects of excessive doses of quinacrine in experi- 
mental animals may be significant. Wright and 
Lillie (5) report hemosiderosis of the spleen and 
lymph nodes in association with more extensive 
deposition of non-ferrous pigment in the intes- 
tinal mucosa, lymph nodes, spleen, liver, renal 
glomeruli and medullary tubules, an interstitial 
and exudative monocytic pneumonia, a focal myo- 
carditis and myositis, and often portal thrombi 
and hepatic infarcts. Martin, Commole and Clark 
(6) also demonstrated extensive pathological 
dianges after administration of excessively large 
doses but when smaller doses were given over a 
longer interval, the only finding was “hemosiderin- 
like” pigment in the liver and spleen. The de- 
tailed studies of Siegel and Mushctt (7) cannot be 
summarized adequately here. They conclude that 
the pathologic alterations definitely attributed 
to the toxic doses of quinacrine are large necrotic 
foci in the right side of the liver, necrosis and fibro- 
sis of the myocardium and voluntary muscle and 
changes in the cortex of the adrenal gland, the 
reticuloendothelial system and the kidney. Some 
of the animals which survived a single large dose 
for several weeks had macrophages in the liver, 
spleen and lymph nodes which contained iron- 
staining pigment but as this was found also in 
some of the control animals, it was considered of 
questionable significance. 

conclusions 

1. Deposition of a slate grey pigment in the hard 
palate and subungual tissues of troops in the South 
West Pacific Area is described. 



PIG MENTATION OF PALATE AND SUBUNGUAL TISSUES 


471 


2. Pigmentation is not observed among troops 
who have been on suppressive quinacrine therapy 
for less than 7 months but occurs with increasing 
frequency among those who have taken quinacrine 
over a longer interval. 

3. Tropical sendee alone is not a significant 
factor in the etiology of this condition. 

4. Histological studies show that the pigment 

contains iron in an accessible form and may be 
hemosiderin. 9 
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An unusual opportunity for study of complement 
fixation in relapsing Plasmodium vivax malaria, 
acquired in Pacific war areas, was afforded us at 
Kennedy General Hospital. We were able to 
follow the complement fixation reactions for 
malaria over a period of 6 months in a group of 
such patients, and to correlate the findings with 
coincident blood films and with clinical activity. 

These studies, which are described below, show 
that in relapsing vivax malaria: 

Complement fixation is a more sensitive method 
of detecting persistent infection than is the exam- 
ination of a coincident thick blood film. 

Complement fixation is an expression of infec- 
tion, and is directly related to existent or recent 
parasitemia, which may, or may not, have been of 
sufficient level to produce a clinical attack. 

A consistently positive complement fixation for 
malaria continuing for more than 2 months is 
Highly indicative of eventual relapse. The over-all 
incidence of positive complement fixations in- 
creases with relapse and continues to increase after 
termination of the attack. 

A series of negative complement fixation reac- 
tions accompanied by negative blood films suggest 
the possibility of clinical cure, provided such ob- 
servations are obtained over a sufficiently long time 
period. This period has not been determined, but 
it is more than six months. 

MATERIALS AND METHODS 
Patients 

The data collected include observations on 394 
patients divided into 2 groups which are designated 
Series A and Series B. 

Series A included 133 patients who were studied 
during the 6 months’ period ending 31 December 
1943. In this group, 287 coincident complement 
fixation tests and blood film examinations were 

1 The studies on which this paper is based were sup- 
ported by a grant from the Tennessee Valley Authority 

through the Division of Preventive Medicine, Uni- 
versity of Tennessee College of Medicine. 


performed. Forty-five patients were tested only 
once; 34, two times; 22, three times; 17, four times; 
14, five times; while 6 successive samples of blood 
were obtained from 1 patient. 

Series B included 261 patients on whom 6,220 
complement fixation tests were performed. Of 
these patients, 199 were followed for the entire 6 
months’ period, while 62 patients were studied for 
periods ranging from a few weeks to 100 days. 

All of the patients in both series were ambula- 
tory except for brief periods of malaria illness. 

All were free of syphilis, a most important con- 
sideration since we have found that certain high- 
titered syphilitic sera may give nonspecific reac- 
tions with malaria antigen, just as sera from 
malarious patients may react with the Wasser- 
mann or Kahn antigens. 2 

Collection of sera 

Blood was drawn for serological tests from pa- 
tients in Series A at intervals of 2 weeks; from pa- 
tients in Series B at intervals of 3 or 5 days. The 
blood samples were stored in the refrigerator over- 
night and the sera removed the following morning. 
No preservative was added to the sera, and all were 
tested within one week after collection. 

Blood films 

Thick blood films were made routinely at the - 
time of drawing blood for all serological tests. 
Daily thin blood films were also made on patients 
in Series B for 15 days following the onset of attack 
and institution of treatment. Giemsa’s stain was 
used, and enumeration of parasites was made when- 

2 It has been stated elsewhere (Dulaney, Stratman- 
Thomas and Warr 1942) that false positive complement 
fixation using malaria antigen is rarely found with 
serum from known syphilitics with positive syphilis 
complement fixation. This statement was based on 
water bath incubation and is still believed to be true 
when this technique is employed. When ice box fixa- 
tion is used, nonspecific positives are obtained with 
malaria antigen and syphilitic sera. This problem is 
now under study. 
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ever the density was sufficient- Blood films from 
Series A were examined in the Preventive Medicine 
laboratory, University of Tennessee; those from 
Series B in the Kennedy General Hospital labora- 
tory. 

Criteria of attack 

The criteria of an attack of malaria were a body 
temperature of 100°F., or over, accompanied by 
demonstrable parasitemia. Sporadic parasitemia 
during the interattack periods constituted a para- 
sitic but not a clinical relapse. 

Antigens 

A single lot of dried P. knowlcsi parasites, a pool 
from 3 monkeys, was used for preparation of anti- 
gens used in Series A. Another pool of dried para- 
sites from 6 monkeys was used for all tests in 
Series B. The method of harvesting and treat- 
ment of parasites has been described (Dulaney, 
Stratman-Thomas, and Wan*, 1942). 

Saline extracts of the dried parasites were em- 
ployed for all tests in Series A and for approxi- 
mately one-fourth of the tests in Series B. A phos- 
phate buffer extract (Dulaney and Morrison, 
1944) was used for the remaining tests after 300 
comparative tests had proved its potency. 

Antigens were frequently checked by titration 
with sera of known antibody content. Both saline 
and phosphate buffer extracts were stored in the 
freezing unit of the refrigerator and a sufficient 
quantity of antigen for 1 to 2 days’ tests was 
thawed, and centrifuged to clear of precipitated 
pigment immediately before use. 

Complement fixation procedure 

The routine complement fixation procedure con- 
sisted of a two-tube qualitative test. Titrations 
for antibody titer were carried out on 235 serum 
samples of Scries A. Certain patients of Series B 
were selected and their sera titrated at intervals. 
In many instances there was not sufficient serum 
for titration and the method of collection and ini- 
tial handling of sera made storage impractical. 
Anticomplcmentary sera were titrated whenever 
possible. 

The modified micro-Kolmer technique (Dulaney 
and Morrison, 1944) was used for all tests in Series 
A and for approximately onc-third of the tests in 
Scries B. 

The procedure recommended by Rein. Bukantx 
and Kent of the Army Medical School for use at 


Kennedy General Hospital was employed for test- 
ing the remaining sera, after 500 comparative tests 
had been made. This procedure included titration 
of complement and hemolysin according to Malt- 
ner, Maltner and Wadsworth (1939); namely, the 
determination of the 50 per cent hemofytic dose of 
complement by a colorimetric method and use of 
the optimal amboceptor unit. The test proper 
consisted of combining 0.1 cc. of serum, 0.2 cc. of 
antigen, 0.1 cc. of physiological saline solution, and 
0.2 cc. of complement containing four 50 per cent 
units. Antigen controls containing 2 doses of 
antigen and complement deterioration controls 
were included. After overnight incubation in the 
refrigerator, 0.4 cc. of sensitized sheep red cells were 
added and readings made after a second incubation 
period of 30 minutes at 37°C. 

SEROLOGICAL PATTERNS 

Patients with relapsing vivax malaria varied 
greatly in their production of complement fixing 
antibodies. The findings were similar to those 
described by Coggeshall and Eaton (1938) for 
monkeys with chronic malaria. 

The 199 patients observed for the entire 6 
months’ period were classified as to serological 
pattern in the following manner: 

J. Positive pattern 

This group of 89 patients gave continued positive 
reactions with not more than 3 scattered negative 
reactions throughout the period of observation. 
The maintenance of this high state of antibody 
production was associated in most instances with 
frequent or infrequent positive blood films or with 
attack. A few patients continued to give 44- 
reactions with no demonstrable parasitemia or 
attack. It is our opinion that such persistence of 
a positive serological state is due to a constant state 
of infection which may or may not have been de- 
monstrable by blood film but which continued to 
afford stimulation for antibody production. This 
opinion is substantiated by the high incidence of 
relapses in this group. 

77. Negative pattern 

Thirty-eight patients gave continued negative 
reactions with not more than 3 scattered positives 
throughout the 6 months’ period of observation. 
These patients formed 3 subgroups; namely, (a) 
those who remained free of attack, who gave con- 
sistently negative serological reactions along with 
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negative blood films; (b) patients who showed very 
frequent parasitemia in addition to attacks; and 
(c) those individuals who experienced 0 to 2 at- 
tacks with only occasional parasitemia. These 
subgroups represent, in order given, individuals 
who are probably approaching clinical cure, in- 
dividuals unable to form antibodies, and individ- 
uals producing antibodies in concentrations too 
low to be detected. 

771. Changing pattern 

The remaining 72 patients exhibited changing 
serological patterns as follows: 

(a) Negative to positive. Eleven patients showed 
a series of negative reactions followed by a series 
of positive reactions. The change in serological 
pattern was associated with a positive blood film 
or attack. 

(b) Positive to negative to positive. Eight pa- 
tients gave a series of positive reactions associated 
with positive blood film or attack, which was fol- 
lowed by a series of negative reactions upon treat- 
ment. In turn, these negative reactions were fol- 
lowed by a series of positive reactions which were 
associated with positive blood film or attack. 

(c) Positive to negative . In 17 instances a series 
of positive reactions associated with positive blood 
film or attack was followed by a series of negative 
tests . This change occurred spontaneously in 
some cases; in others it was correlated with treat- 
ment. 

(d) Negative to positive to negative. In 14 pa- 
tients a series of positive reactions, associated with 
sporadic parasitemia or attack, followed a series 
of negative reactions. Following treatment the 
positive pattern gave way to a series of negative 
reactions. 

(c) Indeterminate . We did not classify 22 pa- 
tients because of the frequent fluctuations in the 
serological patterns exhibited. 

RESULTS 

In previous studies (Dulaney, Stratman-Thomas, 
and Warr, 1942) the principal interest was the de- 
termination of the diagnostic possibilities of the 
complement fixation test for naturally acquired 
malaria. It was found that SI. 6 per cent of 125 
patients with demonstrable parasites gave positive 
reactions with 7\ kttozvlesi antigen. 3 These 
individuals constituted part of a group of clinic and 
hospital patients presenting symptoms which war- 

5 Only one examination per patient. 


ranted examination of blood films for malaria 
parasites and in this sense they were unselected. 

In the present study we are dealing with a 
selected group of patients in that all have more or 
less well-documented histories of repeated attacks 
of P , vivax infection. All had received suppressive 
atabrine treatment. We are therefore interested 
chiefly in the ability of the complement fixation 
test to detect persistent subclinical infection, to 
ofier some reliable information for future manage- 
ment of these individuals. Comparison of com- 
plement fixation reactions and coincident blood 
film examinations indicates that the serological 
test is the more sensitive procedure in detecting 
such infections. 

There were 287 coincident complement fixation 
and blood film examinations on the 133 patients " 

TABLE I 


Distribution of 6 >507 coincident complement fixation tests 
and blood film examinations from 394 patients with 
P. vivax infections 


blood riLir 

COMPLF.iLOvT FIXATION 


Positive 

Negative 

Total 

Positive 

Negative/ 

577 

(9%) 

3.430 

(53%) 

277 

(4%) 

2,223 

(54%) 

854 

_ (13%) 
5,653 
(87%) 

Total 

4,007 1 

(62%) 

2.500 

(38%) 

6,507 

(100%) 


x 2 — 15.45. P— <0.0001. 

in Series A and 6,220 such concurrent tests on the 
261 patients in Series B. Table I shows the dis- 
tribution of these tests for the entire group of 394 
patients. 

As shown in Table 1, 4,007 of the 6,507 comple- 
ment fixation tests were positive in contrast to 854 
of the 6,507 blood films. The over-all sensitivity 
of the complement fixation reaction was therefore 
62 per cent when the corresponding sensitivity of 
the blood film examination was 13 per cent. 

When the two tests are compared directly, it is 
again evident that the diagnostic sensitivity of the 
complement fixation test in relapsing malaria is 
greater than that of the routine thick blood film: 
4,007 (62 per cent) positive complement fixations 
were accompanied bv 577 (9 per cent) positive 
blood films. There were 6.9 times as many coin- 
cident positive complement fixation reactions as 
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positive blood films. There was agreement in the 
results of 2,800 (43 per cent) complement fixation 
ami coincident blood film examinations Tin* 
3,707 discrepant results included 3,430 (92 pv r 
cent) positive complement fixation reactions in 
contrast to 277 (7.5 per cent) positive blood films. 
Complement fixation is an expression of infection 
and is directly related to existent or recent pant, 
sitemia. 

Data awarding this question were obtained en- 
tirely from the 1*>9 patients of Scries H who were 
followed for tfie full 6 months' period (Table If), 

TAUIX It 

Shflvrins correhitbn between tlinxtiil tilti'ts, /'cj :7fiy 
Mood JihiSt aru? run: flrnrrf flatten r/ijttirnt in 
patients chimed fer si r rnmthx 


r* 

1 

Nvunri 

rtoou mu 

1 

tourtruisr 
rix*Tir>*f ] 

| 

! <■»■*/ 
M f 

or 

ATTACK* 

or 

JWTirvr* 

ToUl 

poij. 

tivr 

IVllUr 1 

r^r 

j'sttrnt 

I 

To Oil j 

JVmUvt ] 

t*t i 
! jutient j 

0 

•if. 

(2 3%) 

122 

2.65 

| 

41*) 

i 

i 

| 9.11 

5.43 

1 

SO 

(•10%) 

284 

3.55 | 

j 

1.470 

1 18. 3S 

5.18 

2 

•16 

(23%) 

199 

4.33 

094 

21.61 

4.99 

i 

3 

1 

24 

(12%) 

126 

5.25 

600 

25.38 

4.83 

4 and 

over 

3 

(2%) 

22 

7.33 

42 

14.00 

1.91 

Total 

199 

(100%) 

753 

3. 78 

3,534 

i 

17.76 

4.69 


Those 199 patients were grouped as to number of 
attacks experienced during the 6 months' observa*. 
tion period. Forty-six patients had no attack; 
80 had 1 attack; 46 suffered 2 attacks; while 24 
individuals experienced 3 periods of clinical acs. 
tivity. Four attacks were recorded for each of 2 
individuals and 5 attacks for 1 patient. Thcj 
average number of positive tests per patient i$ 
recorded and the complement fixation-blood film 
ratio determined. 

The close correlation between attack, positive 
blood film, and* positive complement fixation i$ 
apparent. Tile incidence of positive blood films 
rises steadily with the attack rate. The rate for 


the group experiencing 3 attacks is twice that for 
the group rimwing no attack. The rate for the 
one individual experiencing 5 attacks r almost 3 
times that of the tird group. Parenthetically it 
may In* jmintrd out that the actual number ui 
blood films record***] appear* *ma!l b<cau c ** (1) the 
routine libe rations made at 3- or 5 -day interval* 
sometime* failed to coincide with Urn attack day, 
and (2) institution of triatnvnt on the day of 
attack often changed a positive blood film to a 
negative within 24 hour-. 

'Hie incidence of po itive complement fixation 
tests likewise neo with the attack rale except in 
the patients having four or more attacks. Here 
the average number of jxiritivr complement fixa- 
tion ted* declined while the coincident blood film* 
increased. Even though thro groups are small, 
it i< believed that this finding is significant in that 
it indicates either the circulating antibidies are 
removed or the antib>dy formation inhibited in 
tlu^e patients <o frequently experiencing parasite- 
mia and relapse. As would be expected thr com- 
plement fixation -blood film ratio \< lowed in these 
groups, and next lowest in the group showing no 
attack, which included patient* of negative pattern. 

The close relationship between complement fixa- 
tion, attack, and parasitemia invite* the que5tion 
a* to the possible usefulness of the complement 
fixation te-t in predicting relapse*. Can comple- 
ment fixation serve a* a basis for segregation of 
individual* with a high probability of relapse from 
tho*e with slight probability of relapse? Wc be- 
lieve a tentative division to be possible if the predic- 
tion i* based on a series of reactions rather than on 
isolated tests. The data in Table III indicate that 
positive reactions continuing for more than 2 
months are highly prognostic of eventual relapse. 

Observations were again restricted to the 199 
patients tested at intervals of 3 or 5 clays for the 
entire six months’ period. These patients were 
grouped as to serological pattern. It was found 
that S9 patients fell into Group I, the positive pat- 
tern group; 38 into Group II, the negative pattern 
group; and 72 into Group III, made up of indi- 
viduals with changing serological pattern. These 
groups arc not large, but it is believed that the long 
term studies afford highly significant results. 

Obviously the most informative data arc to be 
derived from Groups I and II which constitute 127 
(63.8 per cent) of the 199 patients. Eleven (12 per 
cent) of patients in Group I did not relapse during 
(he observation period even though they main- 
tained a consistently positive serological pattern, 
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while 78 (88 per cent) of this group relapsed from 1 
to 4 times. The ratio of relapse to nonrelapse 
is 7:1. 

Group II, made up of 38 individuals who main- 
tained negative serological patterns (not more than 
3 scattered positives) throughout the period of ob- 
servation, included 22 patients (58 per cent) who 
did not relapse, and 16 (42 per cent) who relapsed 
1 to 5 times (9 had 1 relapse, 5 had 2 , 1 had 3 and 1 
had 5). The ratio of relapse to nonrelapse is 
0.72:1. 

Under the usual conditions of infection the com- 
plement fixation reaction for malaria becomes nega- 
tive within 1 to 2 months after attack and institu- 
tion of treatment, and remains negative unless the 
patient relapses, when it again becomes positive. 


TABLE III 

Relation between serological pattern and relapse in 199 
patients observed for six months 


GROUP 

NO 

RELAPSE 

1 OR MORE 
RELAPSES ; 

TOTAL 

PATIENTS 

1 

11 

78 

89 


(12%) 

(88%) 

(44.7%) 

2 

22 

16 

38 


(58%) 

(42%) 

(19.1%) 

3 

15 

57 

72 


(21%) 

(79%) 

(36.2%) 

All groups 

i 

48 

(24%) 

151 

(76%) 

199 

(100%) 


* — 30.67. P— <0 000001. 


If such a patient relapses, when all possibility of 
reinfection is ruled out, it is apparent that he has 
remained infected even though the parasites have 
been too few to be detected in blood films or to pro- 
vide a stimulus for antibody formation. Patients 
who maintain a positive complement fixation reac- 
tion for periods of 2 months or longer after attack 
and treatment may be accepted, in most instances, 
to harbor substantial numbers of parasites, pre- 
sumably in the reticulo-endothelial system. These 
parasites not only provide the stimulus for con- 
tinued antibody formation but may increase to 
levels sufficient to initiate a clinical attack. It is 
interesting that only 3 (27 per cent) of the 11 pa- 
tients of Group I who did not relapse gave per- 
sistently negative blood films while sporadic para- 
sitemia was demonstrated for S (73 per cent) . It is 


our belief that these 8 patients are likely to 
relapse. 

The 22 patients of Group II who did not relapse 
during the 6 months’ period included 16 (73 per 
cent) who gave consistently negative blood films 
and 4 who had only 1 positive blood film recorded. 

The average interval between attacks experi- 
enced by the patients was approximately 2 months. 
Thus, patients who continue to give positive com- 
plement fixation reactions for longer than 2 months 
after attack and treatment will probably relapse. 

Group III included 72 (36.2 per cent) of the 199 
patients. Seventy-nine per cent (57) of these indi- 
viduals relapsed at some time during the 6 months’ 
period. All gave some positive complement fixa- 
tion reactions. In 21 patients there were records 
of consistently positive complement fixation reac- 
tions, in 12 patients consistently negative reaction, 
for a period of 2 months before relapse. 

The relation of continued positive complement 
fixation to relapse is further demonstrated in fig- 
ure 1, which depicts the over-all trend of positive 
complement fixation and blood films for the 167 
individuals experiencing 274 4 attacks during the 
period of study. The observations were extended 
whenever possible to include periods of 25 days 
before and after attacks. The records for each 3 
days are grouped together and the percentage of 
positive complement fixation reactions determined. 
It is evident that the over-all incidence of positive 
complement fixation for relapsing patients remains 
high before and after the attack day even though 
individual records give beautiful demonstrations of 
negative reactions prior to relapse followed by a 
series of positive reactions, a situation described by 
Coggeshall and Eaton (1938) for chronically in- 
fected monkeys. There is a steady rise in the over- 
all incidence of complement fixation beginning 
approximately 2 weeks before the day of attack. 
The attack day is followed by an increased inci- 
dence of positive reactions. Seventy-four per cent 
of positive complement fixation reactions are re- 
corded on day of attack, but the incidence rises to 
SO per cent within 3 days after the attack, and this 
level is maintained for some time. 

The incidence of positive blood films also in- 
creases before attack but drops precipitously after 
institution of treatment. Three days after the 
attack day the ratio of positive complement fixa- 
tion to positive blood film is 16: 1. Six days after 
the attack day this ratio is 80:1. The positive 
complement fixation may continue indefinitely, 

4 Figures from the entire group of Series B. 
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Fig. 1. The Trend or Positive Complement Fixation Tests and Positive Blood Films, tor 167 Individuals 
Experiencing 274 Attacks, in Relation to the Day oe Attack 
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steadily decline, or decline and rise again with sub- 
sequent parasitic episodes. The great variation in 
individual patterns is expressive of differences in 
the antibody response to antigen or to relative 
quantities of antigen and antibody present in the 
blood stream. 

Another interesting question concerns comple- 
ment fixation and clinical cure. Can clinical cure 
be predicted on serological grounds? We believe 
that continued negative complement fixations ac- 
companied by negative blood films offers good 
prognosis of clinical cure providing these observa- 
tions are extended over a sufficiently long time 
period. That time period has not yet been deter- 
mined, but it is evidently more than 6 months since 
2 of the negative pattern patients relapsed at the 
very end oi fhc study period. (These patients had 
not given consistently negative blood films.) Thir- 
teen individuals (6,5 per cent of the group of 199) 
admitted to the study on the basis of attacks occur- 
ring late in 1943, went through the entire 6 months* 
period with no subsequent clinical activity, no posi- 
tive blood film, no positive complement fixation 
reactions. The prognosis for their continued free- 
dom from vivvx disease would appear to be good. 
On tire other hand we have records of individuals 
exhibiting frequent relapse and even more frequent 
parasitemia who gave consistently negative sero- 
logical reactions. Five such patients may be men- 
tioned. These had a total of 12 attacks, 62 positive 
blood films, and 172 negative complement fixation 
reactions. These patients have a poor prognosis 
and their negative serological state would seem to 
be due to lack of formation of antibodies at dctec- 
able levels, since their parasite counts were never 
high. The 62 positive blood films represent 7.3 
per cent of the total number of positive blood films 
recorded. 

It would appear that the formation of antibodies, 
demonstrable by the complement fixation test, is 
beneficial in the sense that the best prognosis is 
found in the patient who develops a high antibody 
titer, who is able to cope with infrequent or even 
frequent parasitemias of low levels with little clini- 
cal activity, and who eventually becomes sero- 
logically negative and remains so, 

DISCUSSION 

Individuals returning from war areas where 
malaria is endemic present a challenge to the diag- 
nostic laboratory. Many of these individuals have 
experienced multiple attacks of malaria, and they 
have received suppressive drugs as well as prompt 


treatment upon attack. In this group are indi- 
viduals who are able to cope with mild, infrequent 
parasitemias without clinical manifestations. The 
antigenic stimulus is at the same time sufficient to 
maintain a consistently high state of antibody 
formation. In others the frequent parasitemias 
and relapses either inhibit antibody formation, 
remove antibodies from the circulating blood, or 
reduce them to a very low level. 

Complement fixation can be used to advantage 
in examination of these individuals since it will 
detect continued infection in a high percentage of 
eases, give tangible information as to expected 
relapse, and possibly offer prognosis of clinical cure. 

The complement fixation test for malaria has 
undoubtedly suffered from early overenthusiasm 
regarding its practical possibilities. Too much has 
been expected of its sensitivity as a routine labo- 
ratory procedure. Objections to its specificity 
have been made because of the nonspecific reactions 
with syphilitic sera. As a matter of fact, the sensi- 
tivity of the complement fixation test for malaria 
compares very favorably with the over-all sensi- 
tivity of the serological tests for syphilis. Its 
specificity is undoubtedly decreased by the cross 
reactions with high-titered syphilitic sera but to no 
greater extent than is the specificity of the Wasser- 
mann reactions in malarious individuals. 

The accepted method of laboratory diagnosis of 
malaria is by blood film examination. Success of 
this method depends upon (1) the time of collecting 
blood samples, (2) the technique of preparation and 
staining of blood films, and (3) the ability of the 
examiner. Repeated careful examination of blood 
films is often necessary to establish a diagnosis of 
malaria. A satisfactory examination of a negative 
blood film requires at least 10 minutes* study. 
Parasites are difficult to demonstrate in blood films 
after institution of treatment: it is often impossible 
to demonstrate them within 24 to 48 hours after 
administration of anti-malarial drugs. 

The success of a complement fixation test like- 
wise depends upon certain conditions such as (1) 
time of collection of blood samples, (2) technique, 
and (3) antigen of proved specificity. The P. 
knmulesi antigen is of group nature and does not 
indicate the species of plasmodia in human infec- 
tions. A negative complement fixation test does 
not rule out malaria and the specificity of a positive 
must always be established. One technician can, 
however, do several hundred such tests in one day. 

'When the results of 6,507 complement fixation 
reactions and blood films are compared it is found 
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that the overall sensitivity of the complement fixa- 
tion reaction was 62 per cent in contrast to IS per 
cent from blood film examination. In direct com- 
parisons of 4,007 coincident tests the serological 
test yielded 6.9 times as many positive reactions as 
did thick film examinations. 

The dose rdationship of positive complement 
fixation to present or recent parasitemia is apparent 
when the serological test is correlated with the 
inddence of positive blood films and attack rate. 
The number of positive complement fixation reac- 
tions and positive blood films accompanies the 
increase in number of attacks. The test is there- 
fore an expression of infection which may be exist- 
ent or recent. 

Study of the complement fixation reactions over 
the 6 months' period shows that the patients fell 
into serological groups; i.e., the positive pattern 
group (continued positive), the negative pattern 
group (continued negative), and the changing pat- 
tern group (series of negative reactions alternating 
with series of positive reactions). Eighty-eight 
per cent of the patients In the positive pattern 
group relapsed in contrast to 42 per cent of those 
exhibiting negative patterns. Seventy-nine per 
cent of patients with changing patterns relapsed. 
Series of positive tests at some time were recorded 
for all of these patients. Thus continued positive 
complement fixation would appear to offer sub- 
stantial grounds for prediction of relapse. Further 
evidence for this statement is furnished when the 
over-all inddence of positive complement fixation 
is related to the day of attack. The positive sero- 
logical test persists in these rdapsing patients 
during the interattack period, but shows a rising 
curve with attack. The complement fixation blood 
film ratio on the day of attack was 0,7:1; three 
days after attack this was 16:1 and 6 days after 
attack, S0:1. 

The persistence of positive complement fixation 
after the institution of treatment and disappear- 
ance of parasites from blood films is the best recom- 
mendation for the test. 

With eventual dimination of all parasites the 
serological test becomes negative and remains so. 
Therefore a series of negative complement fixation 
reactions accompanied by negative blood films 
offer good prognosis of cure providing the observa- 
tions are extended for a suffidcntlv long time 
period. Because of individual variation it would 


be impossible to predict when cure may take place 
or to determine exactly when all parasites are 
eliminated. We do not believe that the 6 months' 
period of this study* was long enough to rule out 
the possibility* of relapse. Freedom from relapse 
is. after all, the only* true criterion of dinical cure, 

conclusions 

The complement fixation test for malaria is be- 
lieved to be worthwhile in study* of men returning 
from malarious areas, who have been under sup- 
pressive drug treatment. It may give evidence of 
persistent ripjx infection when blood films are nega- 
tive and useful Information as to the probability* 
of relapse. 

A conservative attitude toward the test is recom- 
mended: that Is, one which recognizes its limita- 
tions but appreciates the possibilities of Its cor- 
rect use. 
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The puqiose of this communication is to report 
our experiences with scrub typhus fever in New 
Guinea. A great deal has been written about 
scrub typhus during the past year by officers in 
medical installations of both the Army and the 
Navy. Some of the discussion has received space 
in popular magazines as well as in the scientific 
journals. Because of the location of our hospital, 
the authors of this paper had the opportunity to 
observe eases from various endemic foci in the New 
Guinea Archipelago. Thus it was possible to 
study the disease in the mildest as well as in the 
most virulent forms yet to be seen in the New 
Guinea Archipelago. We feel called upon there- 
fore to emphasize some previously reported fea- 
tures and correct what we have concluded to be 
certain misconceptions. The study includes 135 
patients evacuated into this Hospital from forward 
areas in the New Guinea Archipelago, together 
with thirty-eight patients who contracted their 
disease on this base. Included in the eases whose 
disease was contracted on this base is a group of 
sixteen patients from one unit who developed a 
highly virulent form of the disease in an epidemic 
fashion over a period of three weeks. More de- 
tails about this group of patients will be given in 
subsequent parts of this paper. 

Scrub typhus fever is an endemic rickettsial 
disease having a wide geographical distribution 
in the Asiatic Pacific area including Japan, 
Formosa, Korea, Malaya, Ceylon, New Guinea, 
Peseodorcs, Philippines, Indo-China, and other 
islands of the Bismarck Archipelago (1, 4, 5, 6, 

8, 9). The ecology, epidemiology, etiology and 
endemic features of this disease have been care- 
fully reviewed and studied in a recent paper by 
Kohls et al. (9). The most common vectors in 
New Guinea arc Trombicula jletchcri , Trombicula 
' ivalchi and Trombicula deliensis. The vector at 
this base was found to be Trombicula deliensis . 
There seems to be a marked variation in the viru- 
lence of the etiologic agent, Rickettsia oricnialis , 
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in the various areas and this apparently changes 
from time to time in the same area. The mor- 
tality rate has varied in the New Guinea 
Archipelago from 0.5 per cent to 27.5 per cent (10). 
The area having the lowest mortality has had the 
highest incidence of the disease. In this particular 
area there were eight deaths out of the first one 
hundred patients hospitalized with scrub typhus, 
but there have been over 1400 patients subse- 
quently hospitalized from this same area without 
a single death (10). The mortality rate in various 
areas of Formosa has been estimated to be as high 
as 60 per cent. The high incidence ot the disease 
in certain of the endemic areas makes it a serious 
military problem. The incubation period for scrub 
typhus has been variously estimated to be from 
seven to fourteen days. The shortest period 
found in the New Guinea Archipelago by Kohls 
et al. was seven days. This was computed from 
the fact that the first case appeared on the seventh 
day after a landing on a certain island. 

There are several features noteworthy of men- 
tion in the small outbreak occurring in a single 
unit on this base. This has been the most virulent 
form of the disease occurring in the New Guinea 
Arcliipalago, six deaths having occurred out of a 
total of sixteen eases admitted from a single unit, 
giving a mortality rate of 37.5 per cent. There 
had been no deaths reported among cases occurring 
on this base prior to this time. All of the sixteen 
cases occurring in the single unit were admitted to 
the hospital during a three-week period. All gave 
a history' of sitting on the ground in a grassy plot 
at an outdoor theater. The remainder of the area 
was very barren of grass or other vegetation. The 
rat population in the area was very low, and the 
only mites recovered from trapped rats were identi- 
fied by Lt. Col. Cornelius B. Phillip as Trombicula 
deliensis. As previously stated in this paper, this 
has rarely been the responsible vector in the New 
Guinea Archipelago. There was an abrupt cessa- 
tion of the outbreak within ten to fourteen days 
after removal of the outdoor theater to a new area. 

CLINICAL HANITESTATIONS 

All the classical signs and symptoms described 
in previous reports were observed in our cases but. 
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as in most other diseases, the particular combina- 
tion varied with the individual. The most com- 
mon initial symptoms were headache, oribtal pain, 
fever and chills. It was the latter two symptoms 
which usually prompted the soldier to seek medical 
attention, but after the first few days the most 
distressing symptom was an extremely severe head- 
ache. The incidence of the presenting symptoms 
is shown in table 1. 

The initial diagnosis in sporadic cases coming 
from an organization in which typhus had not 
been previously reported, was usually dengue. 
Malaria was another disease with which typhus 
was commonly confused during the first few days 
on the assumption that the density of parasites 
was not sufficient to provide a positive blood smear. 
Early diagnosis was not aided by OXK agglutina- 
tion studies since the titer rarely reached diag- 

TABLE 1 


Incidence of presenting symptoms in the 173 casts 
in series 


SYMPTOM S 

NUMBER 

PERCENT- 

AGE 

Headache 

159 

92 

Orbital pain 

107 

62 

Malaise 

82 

47 

Chills or chillv sensation 

81 

47 

Backaches 

26 

15 

Constipation 

21 . 

12 

Diarrhea 

16 

9 

Abdominal pains 

14 

S 

Nausea 

14 

S 

Vomiting 

12 

7 


nostic levels before the ninth day. Our criteria 
for diagnosis by agglutination with the OXK was 
a rising titer. In no case was the diagnosis made 
on the OXK agglutination alone without a rise in 
titer to 1:80 or above. It was interesting that 
one group of cases that we observed, coming 
from one isolated area, failed to agglutinate the 
OXK strain of proteus organism. In these cases 
the diagnosis was based on the classical findings 
of the disease as described in this paper. Hence, 
it seems fair to say that there are different strains 
of Rickettsia oricnlalis manifesting marked varia- 
tion in virulence, as will be shown in this paper, as 
well as in its ability to produce antibodies in the 
blood of patients which will agglutinate OXK 
strains of the proteus organism. 

An eschar was one of the most important fea- 
tures of the disease although it could not be demon- 


strated in 20 per cent. Characteristically, the 
eschar first appears as a small sore at the site of 
attachment of the larval mite. Within a few days 
there appears in the center of the sore a necrotic 
slough about 4-6 mm. in diameter with a pink to 
red areola, the total diameter of the eschar measur- 
ing 6-10 mm. The primary lesion is usually single 
but in a few cases two distinct and separate lesions 
occurred. Other ecthymatous areas from various 
insect bites which have been scratched and second- 
arily infected are sometimes confusing in differenti- 
ation from a typical eschar. Rarely one sees areas 
of lymphangitis proximal to the site of the eschar. 
However, the lymph nodes draining it are always 
swollen and tender. In addition, generalized 
lymphadenitis is very characteristic of the disease 
and serves in the early stages to differentiate this 

TABLE 2 


Locations of the primary lesion or eschar 


SYMPTOMS 

! 

NUMBER 

PERCENT- 

AGE 

Ankles and lower legs 

mm 

22.3 

Upper legs. . 


18.7 

Axilla 

Kfl 

13.7 

Abdomen 

15 

10.8 

Scrotum 

9 

6.4 

Back 

9 

6.4 

Buttocks. . 

8 1 

5.7 

Lower arms and wrists 


5.0 

Upper arms . . 


4,3 

Head, neck and face 


4.3 

Feet 


1.4 

Breast 

1 

0.7 


disease from malaria. The various locations of 
the primary lesion are given in table 2. 

A maculopapular rash, appearing most fre- 
quently from the 4th to 7th day and as late as the 
10th day, was seen in only 61 (35 per cent) of our 
cases. The rash was limited to the trunk and ex- 
tremities in 35 (58 per cent) of the cases, to the 
trunk alone in 22 (36 per cent) and to the extremi- 
ties alone in only 4 (6 per cent). The average 
duration of the eruption was six days. Several 
patients showed a transitory rash lasting only 1 or 
2 days. Special mention should be made of a 
more diffuse urticarial type of lesion seen in two 
cases which went on to fatal termination. 

Towards the end of the first week, about one 
third of the patients showed subconjunctival 
hemorrhages. As the disease progressed into the 
second week, common findings were: profound 
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Chart 1. Temperature, Pulse act Blood Pressure Graph of a Case That Recovered 



Chart 2. Temperature, Pulse act Blood Pressure Graph of a Fatal Case 
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anorexia, intractable headache, nausea, vomiting, 
constipation, abdominal distention, backache, dis- 
turbed sensorium (as apathy, confusion, delirium, 
insomnia and torpor), conjunctivities, a dusky 
cyanosis (which could not always be explained by 
respiratory embarrassment), tachycardia, dyspnea, 
precordial pain, muscle pains, diaphoresis, tinnitus, 
hypotension, heart murmurs, cough, and rhonchi 
in the lungs. Splenomegaly was found in 14 (8 
per cent) and hepatomegaly in 11 (6 per cent) of 
the patients. 

The fever was of the remittent type. During 
the first week, the temperature would rise to in- 
creasingly higher levels on successive days (see 
charts 1 and 2), By the end of the first week, 
levels between 103 and 105 degrees were often at- 
tained. During the second week it maintained a 
fairly constant daily peak, with defervescence 
(when it did occur) by lysis. The febrile period 
varied from 3 to 32 days. There were only 5 (3 
per cent) who were febrile less than 14 days. The 
febrile period lasted from 14 to 21 days in 80 per 
cent of the cases, and for more shan 21 days in 
only 17 per cent. 

Anemia was not a common finding during the 
febrile course. However, in a few instances, the 
red cell count was as low as 2.34 millions. Con- 
trary to common belief, leucopcnia was not a fre- 
quent finding. The leucocyte count varied from 
1,500 to 19,050 per cu. mm, with the majority 
within normal range. A fairly characteristic fea- 
ture of the differential blood count was a lymphocy- 
tosis ranging as high as 79 per cent and usually 
above 40 per cent. The lymphocytes were chiefly 
of the large variety, resembling in many respects the 
cells found in infectious mononucleosis. However, 
in all cases in which heterophile antibody titers 
were done, negative results were obtained. Blood 
chlorides were not appreciably reduced. Clot 
retraction and bleeding and clotting times were 
normal. There was no deviation from the normal 
in total plasma proteins. Sedimentation rates 
were elevated in all cases, ranging from 20 mm. 
to 50 mm. per hour (Wintrobe method). Two 
cases terminating fatally showed azotemia with 
accompanying acidosis. Spinal fluid studies with 
respect to dynamics, cytology, and total proteins 
were normal. 

The clinical and electrocardiographic changes of 
the cardiovascular system in scrub typhus are 
similar to those found in other infections, as 
typhoid fever, lobar pneumonia and epidemic 
typhus (7). The early finding of tachycardia is 


significant, and a rate exceeding 120 per minute - 
usually indicates the presence of a complication. 
An increase over this arbitrarily set limit indicates 
a more serious prognosis. It is usually during the 
second week of the febrile course of the disease that 
a lowered blood pressure with its accompanying 
peripheral vascular failure will occur. In addi- 
tion, in most cases with a cardiac rate of over 120, 
cyanosis of varying degree and dyspnea may be 
noted. Just what significance congestive heart 
failure has in the development of profound vascu- 
lar collapse, has remained a moot question. We 
believe the mechanism responsible for the circula- 
tory collapse arises from the effects of damaged 
capillaries. That is to say, increased capillary 
permeability due to the toxins of the infecting 
agents produces a systemic neurovascular reaction. 
Such a mechanism requires time to develop and 
may lead to irreversible changes. 

Disturbances of the cardiac rhythm, as pre- 
mature beats, gallop rhythm, and pulsus altcrnans 
were occasionally observed. Apical blowing sys- 
tolic murmurs were frequently heard toward the 
end of the second week, although no clinical evi- 
dence of cardiac dilatation was present to account 
for the murmur of relative insufficiency. We have 
not encountered gross arrhythmia, except perhaps 
as a terminal event in one fatal case. 

Electrocardiographic studies during the febrile 
period of the disease were done in 116 cases, 15 
per cent of the electrocardiograms showing abnor- 
mal tracings. The abnormalities fell into two 
groups. The first consisted of changes in the 
various complexes proper, the most frequent being 
alterations in the T waves. The earliest changes, 
usually during the second week, were found to be 
depression of ST segments and flattening of T 
waves. As the cases were followed, T waves be- 
came progressively lower, isoelectric, diphasic and 
finally inverted, with or without combination of 
ST segment depressions. While these T wave 
changes occurred in all leads, including the chest 
leads, they were most pronounced in Lead 2, 
The second group of abnormalities consisted of 
conduction defects, which were less frequent. We 
had 2 cases of prolonged P-R interval, 2 cases of 
intraventricular block with all T waves inverted, 
and one case of A-V dissociation in the form of 
complete heart block. Appearance of arrhythmia 
during the acute stage should always call attention 
to a conduction defect. 

It is obvious from the natural history of the 
disease, that the acute changes in the cardiac 
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muscle, although important from the prognostic 
point of view, will have their real significance in 
the convalescent state. Briefly, in a period of 7 
months, 112 cases were studied with electrocardio- 
grams during convalescence, roughly 1 month after 
the onset of the illness. Of the total of 112 cases, 
16 or 14 per cent were abnormal. The changes 
again chiefly consisted of low QRS voltage, T wave 
and ST segment changes with a few cases of con- 
duction defects. This percentage and the findings 
are in dose accordance with observations by others. 
In accordance with data (12) received from the 
chief of the cardiovascular section of a numbered 
general hospital on this base, it was found that 
out of 123 cases of convalescent scrub typhus 20 
per cent showed electrocardiographic abnormali- 
ties. This incidence of abnormalities is somewhat 
higher than ours because only those who did not 
recover in the usual period of convalescence were 
transferred to a general hospital. Of the patients 
showing abnormal electrocardiograms, 40 per cent 
returned to normal within 1 month. The dura- 
tion of the heart muscle damage is unknown be- 
cause we have not had a sufficiently long period 
of observation of these patients while overseas. 
However, of 4 patients recently transferred to a 
general hospital because of n^ocardial damage, as 
shown by electrocardiograms, 3 showed normal 
tracings within 1 ‘month. 

The well known symptoms of neuro circulatory 
asthenia, with its concomitant neuropsychiatric 
traits in the convalescent state, should be cau- 
tiously interpreted in these patients. This is ad- 
visable in the light of abnormal electrocardio- 
graphic findings, which arc an expression of a poor 
physiological state of the muscle. Therefore all 
of these patients should receive thorough cardiac 
study, including electrocardiograms, before being 
sent back to duty. 

Complications observed during the acute phase 
are listed below in order of frequency in table 3. 

The pulmonary complications observed were 
difficult to interpret both from a clinical and roent- 
genographic standpoint. They usually have been 
interpreted as bronchopneumonia or congestive 
heart failure. However we believe that in view of 
the post mortem findings in our cases, that neither 
of these interpretations are tenable. 

Clinically, the terminal pictures in our six 
fatalities were as follows: Three could be classified 
as respiratory deaths or pulmonary edema, two 
had convulsive seizures before death, and one 
sudden death (probably ventricular fibrillation), 


occurred with no indication that a fatal outcome 
was imminent. 

PATHOLOGY 

This discussion will be limited to the pathological 
findings in the six deaths of this series. All showed 
lymphadenopathy and evidence of marked weight 
loss. An eschar was present in all but two pa- 
tients, who showed all of the other classical patho- 
logical features of scrub typhus found in the 
remaining four cases. The outstanding gross 
pathological features of this disease are: spleno- 
megaly, hepatomegaly, extreme fluidity of the blood, 
absence of thromboses, absence of blood clots in all 
vessels, and evidence of a diffuse hemorrhagic 
diathesis. The latter was most marked in the 
lungs, heart, spleen and gastro-intestinal tract. 

In general, the microscopic lesions common to 
all organs were: swelling and desquamation of 


TABLE 3 

Complications in the acute phase of scrub typhus 


COMPLICATIONS 

PERCENTAGE 

COMPLICATIONS 

percentage 

Impaired hearing 

20 

Retinal hemorrhage 

2 

Pulmonary complica- 


Hepatitis 

1 

tions ) 

11 

Malaria 

1 

Abdominal distension. . 

10 

Herpes zoster 

1 

Arthralgia 

4 

Hiccough 

1 

Epistaxis 

i 

5 

Encephalitis 

1 


the endothelium of capillaries, edema, marked 
diffuse interstitial infiltration with inflammatory 
cells (lymphocytes, plasma cells, monocytes, histio- 
cytes, and occasionally polymorphonuclear leuco- 
cytes), and parenchymatous cellular degeneration. 
Spotty perivasculitis was found in all cases. 
Petechial hemorrhages were common in the 
pleurae, epicardium, spleen, lymph nodes, testicles, 
serosa and mucosa of bowel and pelvic mucosa of 
the kidneys. Another common finding was the 
presence in the lymph nodes, and to a lesser extent 
in the spleen, of multinuclear giant cells having an 
eosinophilic and fairly scant cytoplasm. 

The heart revealed, in all cases, myocardial 
edema and epicardial inflammatory cell infiltra- 
tion. Most cases had cellular infiltration of the 
myocardium, and half of the cases showed it in the 
endocardium. The infiltration was predominantly 
diffuse and only occasionally perivascular. The 
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cell types were largely those of chronic inflamma- 
tion. A large number of polymorphonuclear 
leucocytes was found in only one case where the 
infiltration was particularly impressive. This case 
also had edema of the entire heart, extensive 
pefeciiiae and a hydroperfcardium. In 5 cases 
the vasa vasorum of the aorta, or the intima of the 
aorta, displayed round cell infiltration. Epicardial 
petechiae were found in 4 cases, and in 3, swelling 
of the capillary endothelium. Three showed a 
pericardial exudate and cloudy swelling of the 
myocardium. In one case the myocardium was 
exceedingly flabby; this case also showed marked 
epicardial hemorrhages and bloody pericardial 
fluid. The average heart weight was 368 grams 
and varied between 260 and 480 grams. 

The respirator}’’ system showed diffuse or focal 
consolidation of the lungs in all except one of the 
cases. The cut surfaces of the lungs were gelat- 
inous and the fluid expressed was bloody and 
slightly foamy. The alveolar septa were thickened 
due to edema, congestion and inflammatory cell 
infiltration in all cases. There was swelling and 
desquamation of the capillary endothelium and the 
alveolar epithelium with extensive capillar}’’ hemor- 
rhages, old and recent. This hemorrhage into the 
alveoli and interalveolar septa was a very striking 
feature. The bronchial exudate was viscid, due 
to the high number of cells, inflammatory, phago- 
cytic and epithelial. Two cases also showed de- 
generation and desquamation of the bronchial 
mucosal epithelium. The pleural tissue showed 
inflammatory cell infiltration. One case showed 
multiple pulmonary abscesses, together with a 
fibrino -purulent hemorrhagic pleural exudate. 
One case displayed a small active tuberculous 
lesion. In two others, the bronchial lymph nodes 
showed areas of caseation and calcification. The 
average weight for the right lung was 749 grams, 
for the left lung 714 grams and varied from 350 
to 1095 grams. 

The changes in the spleen and hemopoietic 
system were rather constant. There was definite 
splenomegaly in all cases. The average weight of 
all spleens was 637 grams and varied from 360 
to 1210 grams. The large spleens were soft , 
friable, and had bulging cut surfaces from which 
the pulp was scraped off with ease. The largest 
spleen showed a solitary abscess. The smallest 
spleen, which weighed 360 grams, showed multiple 
infarcts with no evidence of thrombosed vessels 
to account for them. This was the case with the 
pulmonary abscesses. All spleens showed conges- 


tion, old and recent hemorrhages, infiltration with 
plasma cells and polymorphonuclear leucocytes. 
The spleens also showed marked swelling and 
desquamation of the sinusoidal endothelium. 

All lymph nodes were edematous, congested, and 
had only small follicles. All showed desquamation 
of the sinusoidal endothelium, and infiltration with 
plasma cells and polymorphonuclear leucocytes 
in most of them. In all nodes a few multinucleated 
giant cells were found having an acidophilic scanty 
cytoplasm with 2-6 large round nuclei, very simi- 
lar to Dorothy Reed cells. One showed a focal 
necrosis, another a recent hemorrhage. 

The gastro-intestinal system in all cases re- 
vealed congestion and edema of all layers and a 
mild diffuse round cell infiltration. One case 
showed a considerable peritoneal exudate and peri- 
toneal petechiae. This case also had a fresh 
gastric ulcer. 

The liver showed a distinct enlargement in all 
cases. The average weight of all livers was 2387 
grams. The largest weighed 3330 grams. There 
was edema in all of them and marked inflamma- 
tory cell infiltration of the portal spaces, which in 
most cases also extended between the liver cords 
and into the capsule. This infiltration was dis- 
tinctly not perivascular; no cuffing was found. 
Most livers showed cloudy swelling and mild cen- 
tral fatty vacuolation. Some desquamation of 
capillary endothelium was occasionally noted. 

The pancreas in most cases was moderately 
enlarged up to 230 grams and showed some edema 
with mild round cell infiltration into the septa. 
In only one case was there a diffuse interstitial 
pancreatitis. 

The genito-urinary system revealed edema and 
cloudy swelling in all kidneys. Four showed some 
desquamation of the glomerular capillary endo- 
thelium; in two cases the tubules were distinctly 
flattened. In all of them there was a diffuse in- 
flammatory cell infiltration, while cuffing was 
noted in only three of them, and in the latter only 
around capillaries which were filled with inflam- 
matory cells. In four cases the pelvic mucosa 
showed petechial hemorrhages; in another there 
was considerable perirenal hemorrhage. The 
average weight of the kidney was 263 grams and 
varied from 190 to 330 grams. The bladder was 
similar histologically to the gastro-intestinal tract. 

In two cases the prostate showed a diffuse cellu- 
lar infiltration with slight cuffing of some of the 
capillaries. 

The gross appearance of the adrenals was nor- 
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mal, The outstanding microscopic features were 
congestion, edema and mild round celii nfiltra- 
tion. In the ease who died on the 23rd day of his 
illness there were areas in the cortex of foamy and 
disintegrated cells whose nuclei were fairly well 
preserved. 

All testicles were edematous and showed a diffuse 
cellular infiltration with only occasional cuffing. 
The same was found in the sections of the epididy- 
mides, Petechiac were found in one testicle; in 
another case they were located in the tunica propria 
of this organ. 

In the central nervous system, the lesions were 
not only pronounced, but surprisingly uniform. 
Meningeal edema, with diffuse inflammatory cell 
infiltration, was very pronounced. Swelling of 
capillary endothelium in the leptomeninges, with 
accumulation of inflammatory cells within tire 
lumina, and perivascular cuffing w r as quite char- 
acteristic. There was cerebral edema in all cases 
and in one it was very marked, the brain weighing 
19S0 grams. Early degenerative changes w’ere 
were noted in the ganglion cells of all cases, but 
these changes w*cre never very distinct. There 
was moderate gliosis in all cases, both in cortex 
and white matter. In some cases this gliosis w*as 
diffuse, in others it was frequently most pro- 
nounced around degenerating capillaries and as- 
sociated with collections of lymphocytes and other 
round cells. The pituitary showxd edema but no 
cellular infiltration. 

The most outstanding pathological features in 
each of the six fatal cases are shown in the follow*- 
ing paragraphs. 

Case 1 w T as 27 years of age and died on the 14th 
day of his illness. The endothelial changes of the 
coronary vessels and the vasa vasorum of the aorta 
w’ere quite pronounced. The pulmonary hemor- 
rhages w f ere extensive. The inflammatory changes 
of the pleura w*ere marked. The spleen w T as large 
(660 grams), and the swelling and desquamation of 
the sinusoidal endothelium w’as pronounced. The 
pancreas showed interstitial inflammatory changes. 
The agglutination with the OXK at autopsy was 
1 :20. His terminal clinical picture w r as that of 
pulmonary edema. 

Case 2 w ? as 26 years of age and died on the 11th 
day of his illness. The heart w r as unusually flabby, 
covered with petechiac, while the pericardium con- 
tained 20 cc. of hemorrhagic fluid. There w r ere 
also perirenal hemorrhages, and petechiac in the 
testicles. There were only mild pulmonary 
changes and evidence of only recent hemorrhage. 


The pleurae also showed petechiae. The agglu- 
tination with the OXK at autopsy was 1:160. 
There was no eschar. This is the patient wiiose 
terminal clinical picture included severe convulsive 
episodes. The brain showxd the most extensive 
changes, being 50 per cent heavier than normal 
and both grossly and microscopically showed very 
extensive edema. 

Case 3 vus 30 years of age and died on the 14th 
day of his illness. He had the largest spleen (1210 
grams) and the largest liver (3330 grams). He 
also had the largest heart (480 grams). There 
w*as marked edema of the heart and the liver, to- 
gether with marked inflammatory cell infiltration. 
The spleen had a solitary infarct. Another soli- 
tary infarct w^as found in the right kidney. There 
v*as a slightly active small tuberculous lesion in 
one lung. The agglutination with OXK at 
autopsy was 1 :320. It w*as this patient wiio had 
a sudden unexplained death on the 14th day of his 
illness, with no indication that death was immi- 
nent. The interpretation at the time w f as that 
ventricular fibrillation had occurred to precipitate 
his death. 

Case 4 w ? as 30 years of age and died on the 12th 
day of his illness. There w v ere petchiae of the 
epicardium, of the pleura and of the pelvic mucosa 
of the kidneys. The pericardium contained 10 cc. 
of cloudy yellowish fluid. The lungs showed ex- 
treme edema and hemorrhage. There w r as a 
caseous and calcific bronchial lymph node. 
Another lymph node showed a recent hemorrhage. 
The agglutination with the OXK at autops} r w^as 
1:160. His terminal clinical picture w r as that of 
pulmonary edema. 

Case 5 w r as 36 years of age and he died on the 
23rd day of his illness. The heart showed marked 
edema of all portions, and the most acute in- 
flammatory cell infiltrations of all the cases. 
There w r ere petechiae of the epicardium, pleurae, 
peritoneum and the tunica vaginalis of the testicles. 
The pericardial sac contained 150 cc. of clear fluid 
and the peritoneal cavity 500 cc. of clear fluid. 
The gastric mucosa showed a fresh ulcer. This 
w’as the only case with bronchopneumonia in addi- 
tion to the extensive pulmonary hemorrhage and 
edema. The agglutination with OXK at autopsy 
was 1 :40, It w r as thought that this patient died 
from sheer exhaustion because his illness had such 
a severe and prolonged course. 

Case 6 was 33 years of age and died on the 14th 
day of his illness. His case differs most from the 
pattern set by the other five cases. His heart 
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was the smallest of this series (260 grams) and 
showed only moderate inflammatory changes. 
The lungs showed multiple abscesses in addition 
to extensive pulmonary hemorrhage and edema. 
There were 200 cc. of cloudy brownish fluid in the 
right pleural cavity and fibrin deposits over both 
lungs. The spleen was also the smallest in this 
series and showed multiple infarcts. There was 
no eschar. An OXK agglutination was not per** 
formed at autopsy. A biopsy of the skin, however, 
showed endothelial swelling and perivascular 
cuffing of inflammatory cells. His terminal pic- 
ture was that of pulmonary edema. 

The average age at death was 30.3 3 r cars. The 
youngest was 26 and the oldest 36. Among the 
sixteen cases occurring in one unit, the average 
age of the ten survivors was 23.9 years. The 
youngest was 21 and the oldest 34. This would 
seem to be a significant difference in age, indicating 
that the younger age group tolerates the disease 
better. 

The average duration of the disease before death 
in these six cases was 14.6 days. The shortest 
duration was eleven days. The only case surviv- 
ing over 14 days died on the 23rd day of his illness. 
It may be deduced from these data that if a patient 
is under 25 years of age and survives the disease 
for more than 14 days, that he will probabl} r 
recover. 

The explanation for the presence of the multi- 
nucleated giant cells in the lymph nodes and spleen 
is not known. There has been no reference to 
these cells in the literature on scrub typhus which 
we have reviewed. The extreme fluidity of the 
blood could not be explained; however, it could 
be due to a prothrombin deficiency. The hemor- 
rhagic diathesis in those cases is similar to, if not 
identical with, that seen post mortem in cases 
dying of acute infectious hepatitis, all of which 
have a marked prolongation of the prothrombin 
time. Unfortunately only one of the fatal cases 
had a determination of the prothrombin time, 
bleeding time, clotting time, platelet count and 
dot retraction time. All of these tests were within 
normal limits three days before death. However, 
many of the other serious but non-fatal cases, with 
or without hemorrhagic diasthesis, showed normal 
values for the above tests. 

TREATMENT 

It should be emphasized that the severity and 
mortality of the disease in any one area is de- 
pendent on the particular virulence of the 


rickettsial strain in that area. We feel that this 
concept has not been thoroughly emphasized in 
the literature coming to our attention. 

In the absence of specific therapy, the entire 
aim of the treatment is to maintain the strength 
of the patient over a period of time sufficient for 
the production of enough antibodies to overcome 
the infection. Absolute bed rest is the most im- 
portant factor. Thus, it is advocated that a 
special nurse be provided for eadi severe case 
and that the patient be permitted to do nothing 
for himself. The nurse is indispensable for fre- 
quent determinations of blood pressure during the 
critical periods of the illness. 

In our group of cases oxygen was used very 
early in the disease at the first sign of increased 
respiratory rate with or without cyanosis. Al- ' 
though our experience may be at variance with 
others, we have found that the use of an oxygen 
face mask only served to increase the apprehension 
of the patient. The oxygen tent proved to be the 
most ideal means of administering oxygen. The 
tent had the further advantage, during the period 
of hyperpyrexia, of being air conditioned. 

An effort was made to secure an adequate fluid 
intake of at least 3000 cc. daily by the oral route. 
Yet, to maintain electrolyte balance, in many 
cases a daily hypo dermocly sis of 1000 cc. of normal 
saline was indicated. Intravenous administra- 
tion of fluids was avoided as much as possible, 
because it was felt that too frequent use of this 
route might overtax a poorly functioning circula- 
tory system. Blood plasma was used to treat 
what we interpreted as medical shock, in which' the 
s} r stolic pressure fell below a critical level of 70 
mm. of mercury and the pulse rate above 120 per 
minute; however we were not impressed with its 
efficacy. Many cases showing the same symptoms 
did as well or better without the use of intra- 
venous plasma. The use of epinephrine and cortin 
in these shocked cases proved to be of no benefit 
in the few patients in whom it was tried. If one 
considers the disturbances in the physiology, this 
is what one would expect. These shocked cases 
seemed to improve most satisfactorily by using 
onty sedation and good nursing care. 

Morphine was avoided in the presence of respira- 
tory embarrassment in the belief that this drug 
would depress respirations. A second considera- 
tion motivating against the use of morphine was 
its tendency to increase the very distressing symp- 
tom of abdominal distention. The latter was 
best treated with colon tubes and pitressinor 
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prostigmin methyl sulfate. The use of analgesics 
such as codeine, aspirin, or a combination of the 
two drugs, were at times helpful. In severe mania 
and convulsions, intravenous barbiturates had to 
be used occasionally; however, most cases of agita- 
tion, delirium and insomnia could be controlled 
with oral doses of barbiturates and chloral hydrate. 
Hiccuping, also a troublesome complication, was 
best controlled by gastric lavage. 

Citrated whole blood (500 cc.) from a patient 
convalescing from scrub typhus was used in one 
case and intramuscular injection of the patients 
own blood was used in 3 cases, with no apparent 
benefit from either. Spinal puncture with with- 
drawal of 10 to 30 cc. of fluid failed to afford relief 
from headache in most cases, while in others the 
relief, if any, was only temporary. Sulfa drugs 
and penicillin were not used in any of our cases 
because they are known to be ineffective against 
the Rickettsia orientalis, and we encountered no 
bacterial complications for which they would be 
indicated. We found no indication for digitalis 
because there were no cases showing classical 
signs of congestive heart failure, and because the 
use of this drug in the presence of an acute myo- 
carditis is open to question. Co-existent malaria 
was treated with atabrine. 

With regard to prophylaxis, Kohl et al., state 
that "without specific means of immunization, 
control measures must be dependent on the manip- 
ulation of environmental factors, combined with 
personal protection according to present Army 
Regulations.” 

CONVALESCENCE 

In cases coming to our attention, convalescence 
for at least two months was required because of 
weight loss from 8 to 53 lbs. (average of 23 lbs.), 
persistent headache, weakness, easy fatiguability, 
tachycardia, palpitation, dyspnea on exertion, 
minor residual electrocardiographic abnormalities, 
persistent arthralgia, residual deafness, residual 
defective vision and persistence of an elevated sedi- 
mentation rate. Even at the end of this period, 
some patients had to be reclassified to a non- 
combat status or transferred to general hospitals. 
It is conceivable however that in less virulent 
outbreaks, a shorter period of convalescence would 
suffice. 

Following defervescence, the patients remained 
at absolute bed rest for at least three weeks, and a 
great many required a longer period. After six 


weeks of fairly close bed rest, limited activities 
were prescribed. All typhus patients at the same 
stage of convalescence were grouped together in 
one ward, so that their activities could be more 
efficiently managed. A gradually increasing pro- 
gram of daily activities, commensurate with their 
physical capacity, was carried out under the close 
supervision of a medical officer. This included 
boat rides, picnics, calisthenics, and more strenu- 
ous sports as their condition improved. This 
program was designed not only to speed convales- 
cence but also to provide a fairly accurate test of 
the amount of activity a patient could tolerate. 
It was felt that only with this information at 
hand could a medical officer make a fair estimation 
of the type of duty for which the individual was 
best suited. 

TABLE 4 


Complications requiring transfer to a general hospital 


COMPLICATION'S 

NUMBER. OF 
CASES 

COMPLICATIONS 

iw 

o 

« cn 
w w 

E5 K 

a < 
p ° 
2 

Psychoneurosis 

7 

Headaches and 


Neurodrculatory 


vertigo 

1 

asthenia 

6 

Hepatitis 

1 

Myocardial damage , . . 

4 

Malnutrition 

1 

Optic neuritis 

1 

Malaria 

2 

Headache 

1 

Psychosis 

1 




Headache and 


Duodenal ulcer 

1 

nystagmus 

1 





Total 

27 


Before discharge to duty, or transfer to a general 
hospital for further observation and disposition, 
complete physical examinations, electrocardio- 
graphic studies, and sedimentation rates were done 
on all patients, so that a careful final estimation of 
his physical condition could be ascertained. No 
patient was returned to duty in whom any marked 
abnormality was found. Patients showing evi- 
dence of psychosis, psychoncurosis, persistence of 
an abnormal electrocardiogram suggestive of myo- 
cardial damage, or manifestations of vasomotor 
instability such as tachycardia, palpitation and 
transient hypertension or other complications, were 
transferred to a general hospital. 

Some of the complications in convalescence re- 
quiring transfer to a general hospital arc shown in 
table 4. 
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COMMENTS 

There were no deaths in the group of 135 pa- 
tients admitted to this hospital from forward 
areas, However, it was necessary to transfer 20 
of them to a general hospital because of various 
complications shown in table 4. There were 6 
deaths in the 38 patients who contracted their 
disease on this base, and all the deaths occurred in 
one unit having 16 cases over a period of 3 weeks, 
lienee the mortality for this particular unit was 
37.5 per cent, which is the highest mortality thus 
far reported in this theater and serves to emphasize 
the marked variability in the virulence of the vari- 
ous outbreaks in the same as well as in different 
localities in the New Guinea Archipelago. Another 
index of the virulence of the outbreak, in the unit 
having the six deaths is that five of the ten that 
survived had to be evacuated to general hospitals 
because of persistent headaches in 3, psychosis in 
1, and neurocirculatory asthenia in 1. 

The frequency of psychoncurosis deserves 
further comment. Patients who recovered had a 
further obstacle to surmount, namely, the belief 
obtained from articles in popular magazines that 
the disease rendered the individual a cardiac 
invalid for the rest of his life. For this reason, or 
for other similar reasons, a small percentage mani- 
fested an anxiety state which extended well into 
convalescence and which was characterized by 
palpitation, trcmulousness and, in significant num- 
ber, a feeling of constriction in the chest. This 
group of symptoms we have called ncurocircula- 
tory asthenia because we felt it a more descriptive 
term, in spite of the fact that more recently these 
symptoms have been classified as an anxiety type 
of psychoncurosis. 

In the over-all picture of the 173 eases observed 
by us, 140 (81 per cent) were returned to full duty 
after an average hospital stay of 8 weeks. The 
shortest period of hospitalization was two weeks 
and the longest sixteen weeks. Twenty-seven pa- 
tients (15.5 per cent) were transferred to general 
hospitals for further observation and disposition. 

It is our belief that 75 per cent of the cases 
transferred to general hospitals will be returned to 
duty within a period of 3 months, and that the 
remaining 25 per cent will be relumed to duty 
within 6 months. There is possibly one exception 
to this statement, which is the patient with what 
was at first thought to be a toxic or postencephalitic 
type of psychosis. However, subsequent study 
revealed that he had a fairly typical scizophrcnic 
type of psychosis which might well have developed 


at the time without any illness. In view of the 
more recent diagnosis, it hardly seems fair to say 
that tins is a sequelae of scrub typhus fever. Al- 
though we have no positive proof, it is our feeling 
that there are no permanent sequelae of this 
disease. 

The disturbance in physiology in the patients 
having a very virulent form of the disease warrants 
further comment. There were few or no altera- 
tions in the cellular, protein or chemical consti- 
tuents of the blood, spinal fluid, or urine in any 
of the patients except in the terminal phases of 
those having a fatal outcome. These studies in- 
cluded repeated blood counts, bleeding and 
clotting time, hemoglobin determinations, and 
urinalyses. In the more seriously ill group, many 
had roentgenogramsof the chest, spinal fluid analy- 
ses and determinations of platelet counts, dot 
reaction time, prothrombin time, scrum bilirubin, 
total and fractionated plasma proteins, non pro- 
tein nitrogen or blood urea, blood diloridcs and 
CO* combining power. 

The chief disturbances in physiology in the 
more serious and fatal eases were changes resulting 
in an acidosis, azotemia, proteinuria, depressed 
respiration, and changes in the cardiovascular 
system. The acidosis is most likely due, to two 
factors: the first is the result of the marked changes 
in the lungs with a decreased ability to excrete 
CO : , giving an uncompensated excess of CO*; 
the second is the result of the profound changes in 
the liver resulting in decreased glycogen storage 
and ketosis so that the excess of ketones arc ex- 
creted in the urine carrying with it NallCOj, 
giving an uncompensated alkali deficit. The 
azotemia is very suggestive of the cxtrarcnal type 
in view of the minor pathologic changes found in 
he kidneys (11). The shallow and finally apncic 
respirations arc probably brought about by a 
number of factors including general anoxia, Hcring- 
Breucr reflex, and by ischemia or local anoxia of 
of the respiratory center itself through local capil- 
lary damage. The histological changes in the 
cardiovascular, and particularly the capillary sys- 
tem, arc the most outstanding and it is the effect 
of these changes that accounts for the death of 
patients. As shown in the pathological examina- 
tion, edema of all tissues was very marked and in 
the lungs more pronounced than in any other or- 
gan. In addition to the fact that the lungs were 
the most edematous organs, there was also an 
outpouring of all the cellular elements of the blood 
into the lungs. This change is undoubtedly due to 
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local capillary damage with increased permeability. 
Following this extravasation in the lungs, anoxia 
results because of decreased aeration of the blood. 
This then causes a vicious cycle because of the 
damaging effect of the anoxia on the capillaries. 
The changes in the heart itself were not as marked 
as has been reported by other observers. One 
death could perhaps be directly attributable to 
cardiac damage with sudden death from ventricu- 
lar fibrillation. One of the other five deaths, hav- 
ing a convulsive seizure as a terminal event, was 
most likely due to cerebral edema as shown in the 
pathology report. The other four deaths are per- 
haps best explained on a pulmonary basis, being 
directly attributable to suffocation resulting from 
extravasation of all the elements of the blood 
through the capillaries in the lungs. The increase 
in capillary permeability is more manifest in the 
lungs because of the decrease in supporting struc- 
ture around the capillaries in these organs as com- 
pared with other organs of the body, together with 
the added trauma of respiration. It is very diffi- 
cult, clinically or by roentgenograms, to differ- 
entiate this picture from bronchopneumonia or 
from congestive heart failure except that none 
of our cases showed the classical signs of venous 
engorgement found in congestive heart failure. 
This probably accounts for the reports in the 
literature of a high incidence of congestive heart 
failure and bronchopneumonia. The latter was 
found in only one case at post mortem. It is 
from an understanding of the disturbed physiology 
and histology in these fatal cases that one would 
not expect any response to treatment of any sort 
without control of the factors causing the increased 
capillary permeability. Until a means of con- 
trolling the infecting agent itself is found, there 
seems little to offer in the way of specific treatment 
for these patients critically ill with scrub typhus 
fever. 

SUMMARY 

1 . The classical signs of the disease are an eschar, 
lymphadenitis, headache, orbital pain, remittent 
fever up to 105° for fourteen or more days and a 
maculopapular rash. The convalescent period 
usually lasts from 6~8 weeks. 

2. The diagnosis is made on the basis of the 
classical signs and a rise in titer up to 1:S0 or 
above in the agglutination of the OXK strain of 
the protcus bacillus. 

3. The outstanding features observed in a series 


of 173 cases of scrub tjqffius fever occurring in the 
New Guinea Archipelago during the last 8 months 
of 1944 are reported. 

4. The mortality in the entire group was 3.5 
per cent: however, all six deaths occurred in a 
single unit at one locality, having a total of 16 
cases during a 3 weeks period. It should be 
emphasized that the mortality rate depends on the 
virulence of the Rickettsia orientalis at a given 
time in a particular area and that this may change 
rom time to time in the same, as well as in different 
localities. 

5. The disturbances in physiology in the serious 
and fatal cases, and the pathology found in the 
six fatal cases, have been presented and discussed. 
The transitory nature of the changes in the cardio- 
vascular system of the cases that recovered have 
been emphasized. The common error of inter- 
preting the pulmonary complications due to 
extravasation of blood into the lungs as broncho- 
pneumonia or congestive heart failure have been 
emphasized. 

6. Eighty-one per cent of the entire group were 
returned to duty within an average period of 8 
weeks. It was necessary to prolong hospitalization 
in 15.5 per cent because of certain temporary 
sequelae listed in this paper and other coexistent 
complications. 

7. The program of management during the 
acute and convalescent phases of the disease have 
been outlined and discussed. 

8. The complications and sequelae have been 
enumerated in order of frequency. We are of the 
opinion that there will be no permanent sequelae 
of this disease. 
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In making a routine malaria survey on Solomon 
Island natives, microfilariae of Wnchcreria bancrofti 
were encountered in addition to the malaria or- 
ganisms. The demonstration of the filaria parasite 
in the blood stream of tills native group seemed to 
justify further study to ascertain the incidence of 
infection among these natives. The present paper 
gives the results of this study. 

A total of one thousand, two hundred and sixty- 
three (1263) individuals from Guadalcanal, 
Malaita and San Cristobal of the Solomon Islands, 
one hundred forty-six (146) Fiji Islanders and 
three hundred thirty-two natives from the Gilbert 
Islands were surveyed specifically for the purpose 
of demonstrating the presence of filaria larvae in 
the blood stream. Throughout this survey the 
thick blood film (as for malaria) was employed. 
The results of this study are given in table 1. 

When the data in table 1 are broken down into 
incidence data for the various islands from which 
these natives came, it is seen that those individuals 
from the island of San Cristobal of the Solomon 
Islands give the highest filaria rate of any island 
group surveyed (table 2). 

In making the survey it was not possible for all 
blood films to be taken at a predetermined time. 
Thus many of the smears were taken during the 
daylight hours while others were taken after com- 
plete darkness had set in. Tabic 3 gives the re- 
sults of our findings on smears taken only during 
the daylight hours as contrasted with findings on 
smears taken only after nightfall. 

The data presented in table 3 strongly suggest 
that the filaria encountered in the blood stream of 
those natives included in this survey exhibit a 
marked nocturnal periodicity of microfilariae. To 
further demonstrate this indicated periodicity, two 
tests were undertaken. The first of these dealt 
simply witli taking blood samples (thick films) 
on the same group of individuals both before and 

1 The author is especially indebted to Lieutenant 

Lion K. Byrd* II-Y(S) f USXR for cooperation in 

making the final part of this survey and for invaluable 

aid in the preparation of this paper. 

5 Captain, SNC, AVS. 


after complete darkness. Table 4 gives the results 
obtained from this test. 

The second test devised to further demonstrate 
nocturnal periodicity of microfilariae consisted of 
taking thick blood smears at approximately two 
hour intervals for a period of twenty-four hours. 
Three natives previously shown to harbor filaria 
larvae were selected. The results of this test are 
given in table 5. 

Recently it has been our good fortune to con- 
tinue the stud)* on the incidence of iilariasis in 
this area by working in close collaboration with 
the Navy Filaria Survey Unit. Since the arrival 
of this unit a total of seven hundred thirty-four 
(734) natives from the Solomon Islands and three 
hundred thirty-two (332) natives from the Gilbert 
Islands have been examined by us in conjunction 
with the Navy group. We have held to the 
routine malaria thick smear method while the 
Navy unit employed a measured volume of blood 
in determining the incidence of filaria infection. 
In all cases the smears, both thick smear and 
measured volume sample, were taken at the same 
time from the same individual and cadi set of 
samples was treated independently by the group 
responsible for the method used. Table 6 shows 
the independent results of tin's study together with 
the indicated incidence as determined by l>oth 
methods in combination. 

It will be noted that the total incidence as deter- 
mined by both methods is higher than that de- 
termined by cither method alone. 1 1 thus becomes 
obvious that certain infections were picked up by 
one or the other method whidi was missed by the 
one method alone. 

A survey was made of a selected group of natives 
from the Gilbert Islands for the purpose of deter- 
mining whether or not the strain of filaria larvae 
found in these natives exhibit a nocturnal 
periodidty. Twenty-seven (27) individuals were 
selected from the fifty-four (34) showing micro- 
filariae in nieht blood. During daylight hours 
blood smears were made on this group and the 
number of microfilariae determined. Table 7 
gives the results of tins survey. Although a noc- 
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lurnal periodicity is strongly indicated, this phe- 
nomenon appears to be less clearly defined than is 
the ease noted for the larvae encountered among 
the Solomon Island natives. The sharp increase 


TABLE 1 

Incidence of fitaria larvae in natives surveyed from the 
Solomons, Fiji and Gilbert Islands 


numuer surveyed 

NtmnrR rosmvr. 

rr» cent INFEC- 
TION 

1,741 

331 

19, 


TABLE 2 

The determined incidence of fitcirta larvae in the blood 
stream of natives surveyed from the various islands 


ISLAND 

vtnearx 

SURVEYED 

wranrx j 
i rosmvr. 

it* cent 
iNrrcmov' 

Guadalcanal 

157 

16 

10.2 

Malaita 

54S 

56 

10.2 

San Cristobal 

55S 

176 

31.5 

Fiji 

146 

29 

19.8 

Gilbert 

332 

54 

16.3 

Total .... 

1,741 

i 331 

l 

19, 


TABLE 3 


Incidence of filaria larvae determined from “day" blood 
contrasted to the incidence obtained front "night** 
blood — Solomon Island Natives 


NUMBER 

SURVEYED 

TIME or sum Y 

mninrx rosi* i 
•nvr, 

i 

rrv ctnt 

INFECTION 

94 

Day 

5 

5.4 

880 

Night 

180 

20. 


A comparison of the incidence of filariasis between 
these two groups is shown in table 8. 

One Gilbert Island native was selected for ex- 
perimental infection of A. punclulatus punclulatus 

TABLE 4 


Incidence data obtained on the same group of natives when 
smears were taken during daylight hours and again 
after nightfall — Solomon Island Natives 


nous 

Kuuxrx 

Nuunr.R 

efr cent 

suRvrvro 

roMtivr 

tNITCTtON 

1600-1800 

435 

IS 

4.1 

2130-2400 

435 

92 

21.1 


TABLE 5 


Number of microfilariae per thick blood smear sample 
taken from each of the three natives at the indicated 
hours 


nous 

nuuw*r or micro heari \r. 

Case l 

Case 2 

Case 3 

0090-0930 

1 

0 i 

1 

1100-1130 

0 

0 

s 

1300-1330 

1 

1 

15 

1500-1530 

3 

4 

2 

1730-1800 

7 

15 

2$ 

1930-2000 

70 

93 

99 

2130-2200 

217 

42 

142 

2330-2400 

163 

10$ 

22 

0130-0200 

239 

97 

I 171 

0530-0600 

64 

56 

50 


TABLE 6 


Incidence of filariasis as determined by the malaria thick smear and the measured volume 


ISLAND 

TVPF. OF SMEAR 

HOUR 

numrfr 

5URVEYTD 

NUMBFR 

rasrovr. 

TER CFNT 
INFECTION 

Solomon ....... 

Thick 

1930-2200 

734 

128 

17.4 

Solomon. 

Mcas. vol. 

1930-2200 

734 

142 

19.3 

Solomon 

Both methods 

1930-2200 

734 

151 

20.6 

Gilbert 

Thick 

1930-2230 

332 

52 

15.7 

Gilbert 

Mcas. vol. 

1930-2230 

332 

50 

15.0 

Gilbert 

Both methods 

1930-2230 

I 

1 332 

i 

i 54 

16.3 


in the number of microfilariae circulating in the 
peripheral blood in the evening is not demon- 
strated among the Gilbert Island natives as it is 
among those natives from the Solomon Islands, 


and A, punclulatus farautu Both species of mos- 
quito fed on the native at 1930, at which time a 20 
cm sample of blood proved to carry fifty-five (55) 
microfilariae. Dissection of these fed mosquitoes 
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showed that both species picked up the filaria 
larvae. However, the microfilariae failed to sur- 
vive longer than thirty-six (36) hours within A . 

TABLE 7 


Incidence of filaria inf celt on found in Gilbert Island 
natives during daylight hours as compared to night 
blood 


TYPE OF SMEAR 

hour 

NUlt- 

HER 

SUR- 

VEYED 

NUM- 

BER 

POSI- 

TIVE 

PER 

CENT 

INFEC- 

TION 

Thick smear 

1400-1500 

27 

17 

63. 

Thick smear 

1930-2230 : 

27 

27 

100. 

Mcas. volume 

1400-1500 

27 

14 

51.8 

Mens, volume 

1930-2230 

27 

27 

100. 

Both methods 

1400-1500 

27 

20 

74. 

Both methods 

! 

1930-2230 

27 

27 

too. 


Only a small colony of A. punclulalus farauti was 
available at the time and did not permit com- 
piling any conclusive data with reference to the 
complete development of the larvae within this 
species. It has been demonstrated by Bjord and 
St, Amant that A. punctulatus farauti will readily 
develop to infectivit3 r the larvae of that strain of 
the filaria parasite found in the Solomon Island 
natives. Table 9 shows the results of the feeding 
experiment with the Gilbert Island strain of filaria. 

These dissection studies are preliminary and are 
being continued to establish the degree of efficiency 
of various mosquitoes as vectors of filaria organisms 
from different islands. Also an effort is being 
made to determine any biological difference in the 
filaria organisms from these different islands. 


TABLE 8 


Comparison of incidence of fdariasis during daylight and evening y between Solomon Island 

and Gilbert Island Natives 


ISLAND 

1 

HOUR 

t 

NUMBER 

EXAMINED 

NUMBER 

POSITIVE 

PER CENT 
INFECTION 

total number 

OP MICRO- 
FILARIAE IN ALL 

positives 

PER CENT MICRO- 
FILARIAE IN DAY 
BLOOD COMPARED 
TO NIGHT BLOOD 

Gilbert 

1330 

27 

20 

74 

— 

11.3 

Gilbert 

1930 

27 

27 

100 

Wm 

100.0 

Solomon * * 

1330 

95 

18 

19 


Solomon J 

1930 | 

95 

95 ! 

100 




■■■■ 



* Although no record was kept on the total number of microfilariae encountered in this group of natives, such 
figures are known for the three individuals who were studied at two hour intervals for twenty-four hours (table 5). 
These figures show that from 0600 to 1800 a total of S6 (5.3%) microfilariae were counted, while 1633 microfilariae 
were found between the hours of 1800-0600, 


TABLE 9 


Infection of A . punctulatus punctulatus and 
A. punctulatus farauti with Gilbert Island 
strain of Wuchcrcria bancrofti 



I 

NUMBER 

PERCENT 


! NUMBER 

THAT 

THAT 


FED 

PICKED 

PICKED 



UP LARVAE 

UP LARVAE 

A . p . punctulatus 

238 

17 

7.14 

A . p. farauti 

24 

4 

16.66 


punctulatus punctulatus , although a single speci- 
men of A . punctulatus farauti developed the larvae 
through the fourth day of larval development. 


From the data presented in this paper the 
following summarized points might be stressed: 

Microfilariae of Wuchereria bancrofti are demon- 
strated to be present in the peripheral blood of 
approximately one-fifth of the local native popu- 
lation thus far surveyed from the Solomon Islands 
group. Those natives surveyed came from three 
of the Solomon Islands, Guadalcanal, Malaita 
and San Cristobal. 

Microfilariae of Wuchereria bancrofti showed a 
marked nocturnal periodicity within this area. 
The larvae reach the peak of their numbers in the 
peripheral blood between the hours of 2100 and 
0200. 


















A CONCENTRATION METHOD FOR DEMONSTRATING MICROFILARIAE 

IN BLOOD 


Jerome S. Harris 1 and William A. Summers 2 

Front the Fourth Service Command Medical laboratory, Atlanta, Georgia 
Received for publication May 26, 1945 


The increasing importance of the filarial diseases 
and the difficulties in their early clinical diagnosis 
have created a need for a simple rapid method of 
demonstrating microfilariae when they arc present 
in the blood stream in small numbers. 

Using the microfilariae of Dirofiforia immitis 
(the dog heart worm), we have examined the 
various methods of micro-copic diagnosis which 


Four ml. venous blood are drawn and ejected 
'into a tube containing 0.01 ml. heparin solution 
(Liquacmin, Rochc-Organon Inc. 1 ml. contains 
10 mgm. purified heparin). Four ml. 2 per cent 
saponin in distilled water are added and the con- 
tents of the tube arc gently mixed until hemolysis 
is complete. Six ml. of the mixture are then 
placed in a clean Shevky-Stafford centrifuge tube 


TABLE 1 


1 

intmon 

. * i 

1 

ADVANTAGES 

DISADVANTAGES 

Examination of 



1, Fresh thick wet drop of blood 

Motile microfilariae 

Microfilariae obscured by red blood cells. 
No concentration 

2. Scrum expressed from clotted blood 

Motile microfilariae ! 

Poor to negligible concentration 

3. White cell layer of centrifuged 
titrated blood 

Motile microfilariae 

Concentration poor and variable 

4. Centrifuged sediment of 1 ml. blood 
hcmolvzcd by addition of 5 ml. 
water* 

Excellent concentration, 
motile microfilariae 

Microfilariae arc only sluggishly motile. 
Concentration difficult to achieve 
with large volumes of blood 

5. Sediment of mixture of 1 ml. blood 
plus 10 ml. 2% formalin allowed to 
stand for 12-24 hours'! 

Simple. Centrifuge un- 
necessary 

Variable concentration. Microfilariae 
immotilc. Time consuming 

6. Centrifuged sediment of mixture of 1 
ml. blood plus 10 ml. 2% acetic 
ntidj 

Excellent concentration 

Microfilariae not motile and difficult to 
sec. Method not feasible for large 
j quantities of blood 

7. Giemsa stained thick blood film 

! 

1 

Excellent definition of 
structure 

, No concentration. Microfilariae not 

I motile 


* The Animal Parasites of Man. Fantham, II. B., Stephens, J. \V. \V., and Theobald, F. V. New York: 
William Wood and Company, 1920. 

t Knott, J.: Proc. Roy. Soc. Trop. Med. and Hyg., 33: 191, 1939 (July). 

t Human Parasitology. Rivas, D. Philadelphia and London: W. B. Saunders Company, 1920. 


have been described in the literature (table 1). 
Because no method seemed at once simple, rapid, 
capable of giving quantitative concentration of 
larger amounts of blood and also adapted to a 
non-fatiguing examination of a large number of 
samples, the following method was evolved. 

1 Major, Medical Corps, AUS. 

2 Captain, Sanitary Corps, AUS. 


and centrifuged for 10 minutes at 2,000 r.p.m. 
The supernatant fluid is drawn off down to the 
0.1 ml. mark on the tube, and the remaining fluid 
is mixed with a narrow glass rod. It is withdrawn 
with a capillary pipette and tire entire 0.1 ml. 
spread on a clean glass slide. The slide is then 
scanned rapidly with the low power of tire micro- 
scope. Microfilariae are easily visible even on 
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cursory glance since they are unusually motile 
and since vision is not obscured by the presence of 
red blood cells as it is in an ordinary thick drop of 
blood. Sufficient white blood cells are present to 
accentuate the motion of the microfilariae. If a 
vaselined cover slip is used to prevent evaporation, 
motility is preserved for at least four hours and 
often as long as twenty-four hours at room tem- 
perature. Staining is usually unnecessary since 
the microfilariae are characteristic and since species 
differentiation can be made on epidemiological and 
clinical grounds. If desired, the smear may be 
thoroughly dried and stained with double strength 
Giemsa stain. ^ 

Recoveries by this method generally range from 
90 to 105 per cent of the theoretical concentration. 
An experiment to determine whether a 1 to 1 
dilution of the blood was sufficient to allow com- 
plete centrifugation of the microfilariae showed 
that essentially the same results were obtained 
whether the blood was diluted with 1, 1 or H 
volumes of water. 

The following results were obtained when the 
various methods of concentration were compared. 
Since it is frequently difficult to detect unstained 
immotile microfilariae and since we have found that 
many microfilaria will wash off the slide in the 
ordinary process of Giemsa staining, the final 
suspensions were mixed with Giemsa stain and 
allowed to dry before enumeration of the micro- 
filariae. 


METHOD 

NUMBER or 
MICRO- 
FILARIA 
FOUND IN 
1/100 ML. 

NUMBER OF 
MICROFILARIA 
EXPECTED FOR 
THEORETICAL 
YIELD 

Thick smear 

10 


Serurn from clotted blood. . . 

4 


White cell layer of centri- 
fuged blood 

28 


Method of Fantham* 

54 

50 

Method of Knottf 

13 

50 

Method of Rivasf 

89 

100 

Author’s method 

152 

150 


* The Animal Parasites of Man. Fantham, H. B., 
Stephens, J. W. W., and Theobald, F. V. New York: 
William Wood and Company, 1920. 

f iTnodt, Proc. Roy. Soc. Prop. 3 fed. and Hyg. y 
33: 191, 1939 (July). 

t Human Parasitology. Rivas, D. Philadelphia 
and London: W. B. Saunders Company, 1920. 

The concentration of microfilariae in our method 
is sufficiently quantitative to be used for the 
estimation of the number of microfilariae per ml. 
blood when they are present in very small numbers. 
From the point of time saved, the concentration is 
virtually much greater than the theoretical since 
larger quantities of the transparent hemolyzed fluid 
can be examined and since the motile microfilariae 
do not require the intensive searching necessary 
when immotile unstained or stained microfilariae 
are present. The method is convenient and 
adapted to the rapid routine examination of a 
large number of samples. 



PORTUGUESE MAN-OF WAR STINGS: A CASE REPORT 
H. Julian Frachtman 1 and Wiley T. McCollum 2 

Received for publication May 15, 1915 


In tropical and semi-tropical waters, many swim- 
mers have at one time or another come into rather 
disagreeable contact with jellyfish (Hydrozoa and 
Scyphozoa) and Portuguese mcn-of-war (Physalia). 
As a general rule, such contacts have led to painful 
local reactions but not to systemic reactions of any 
importance. 

The following ease demonstrates a rather unusual 
systemic reaction to the sting of a Portuguese man- 
of-war, of such severity as to actually endanger the 
patient’s life. 

The patient was a 23 year old sailor, who had 
previously been in good health. On 8 August 1943, 
while on liberty, he went swimming off of one of 
the bcadics on the island of Oahu. About 0730 
that day he was stung across the arms and thighs 
by what he and his companions identified as a 
Portuguese man-of-war. About 0900 he began to 
experience mild nausea and generalized muscular 
weakness. Shortly thereafter he began having 
spasms of the abdominal musdes, especially the 
recti abdominis. 

He was admitted to an Army hospital at 0935, 
at which time his temperature was 98.6 (oral), 
pulse 96, respirations 24 and blood pressure 
140/100, Examination revealed a well developed 
young white male who appeared very apprehensive 
and acutely ill. Across the anterior surface of the 
right arm and shoulder, and the right thigh were 
linear areas of redness which were not raised. The 
skin was not broken. Examination of the head 
and neck, lungs, heart, abdomen, lymphatic and 
endocrine systems was not abnormal. Intermit- 
tent spasms of the recti abdominis musdes were 
seen on inspection. Spasm of the diaphragm mani- 
fested itself by recurrent inspiratory gasping similar 
to that seen in hiccoughs. At this time, the patient 
was having only mild respiratory distress. 

The donic contractions began to increase in 
severit} r , becoming almost tonic in character, and 
spread to involve the musdes of the neck, shoulder 
girdle and both upper and lower extremities. The 

patient complained of rather severe pain in the 

\ 

1 Lieutenant Colonel, M. C., A.TJ.S. 

2 Captain, M. C. } A.U.S. 
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musdes during the phase of contraction. Loud 
noises, bright lights and jarring of the patient’s 
bed seemed to precipitate convulsive attacks, the 
reaction being similar to that seen in strychnine 
poisoning. The patient was entirely rational and 
showed no mental aberrations of any type. 

By 1930 on 8 August, there was marked difficulty 
in breathing, respirations being slow and very 
labored, frequently interrupted by prolonged dia- 
phragmatic spasms. Although there was no cya- 
nosis, and the temperature, blood pressure and 
pulse rate were within normal limits, the patient 
appeared to be dangerously ill, with respiratory 
failure impending. Even at this time, he was 
alert and showed no other evidence of central 
nervous system depression. 

The patient slept at intervals during that night, 
but even during sleep, the muscular spasms con- 
tinued to be generalized and only slightly less in- 
tense than while the patient was awake. The per- 
sistence of these involuntary muscular contractions 
even during sleep was considered to be noteworthy. 

On the following morning (9 August), the tem- 
perature, pulse, respiration and blood pressure 
were within normal limits. The clonic contrac- 
tions were appreciably diminished, and tire patient 
appeared to be in much better condition. How- 
ever, in the afternoon of 9 August, the muscular 
contractions increased in severity, reaching the 
same intensity as noted on the previous day, again 
causing appreciable pain to the patient. There 
was no respiratory distress of significant degree at 
this time. 

By the morning of 10 August, he had improved 
somewhat, but later in the day, increased severity 
of the contractions again noted. The spasms of 
the recti abdominis appeared to bother him most 
and he would flex his lower extremities and his 
trunk in order to obtain relief. 

On the 11th, 12th, 13th, 14th and 15th of August, 
mild transient muscle twitching, involving particu- 
larly the recti abdominis, continued to be present. 

By 16 August, the spasms and twitching had 
entirely ceased. The patient had no complaints. 
On 20 August 1943, he was discharged from the 
hospital completely free of signs and symptoms. 



500 


!!, JULIAN* FKAC1ITMAN AND WILLY T. MrCOLLUM 


TKIWTMUNT 

Upon admission to the Receiving Office, the pa- 
tient was given 0.016 grams (one fourth grain) of 
morphine sulfate and 0.3 cc. epinephrine hypo- 
dermically by the Receiving Officer, who was of 
the opinion that the presenting symptoms were 
allergic in nature. Upon reaching the ward, the 
patient was given one gram of calcium chloride 
intravenously without effect on the mu f m!ar 
spasms, A similar do-c of calcium levulinat** was 
given intravenously later in the day, likewise with- 
out effect. Sodium phenobarbital by hypodermic 
was given at frequent interval in dons of 0,06s 
and 0.13 grams (one and two grains), and this 
medication was continued until the :pa«*m% Mih- 
sided. On the day of admbdon, it v.ms necc- ary 
to give the patient 0,4 grams (six grains) of sodium 
Amytal intravenously to diminish the severity of 
the muscular contractions. Medication with the 
barbiturates was felt to be of considerable value. 
The remainder of the treatment consisted of ad- 
ministration of hypertonic glucose solutions intra- 
venously, adequate fluid intake bv mouth and 
maintenance of nutrition. 

IJMTSMOV 

Neurological examinations during ho -pita liba- 
tion did not reveal any abnormal finding* except 
for the involuntary muscular contractions. The 
eveg rounds showed no significant change. A 
spinal puncture was not done at the outlet because 
the danger of breaking off the needle in the spinal 
canal was felt to be a real one due to the convulsive 
movements of the patient. 

laboratory examinations done on the 8th and 
9th of August gave the folowing information: (1) 
urinalysis: negative; (2) complete blood count: red 
blood cells 4,560,000; hemoglobin 14. { > grams, white 
blood cells 11,500, neutrophiles 75% of which 6 
were stab forms, lymphocytes 21%, monocytes 2%, 
eosinophiles 29c 5 (3) blood Kahn: negative; (4) 
blood calcium: 14 mgm. %; (5) blood NPN: 37 
mgm. %; (6) erythrocyte sedimentation rate: 
3 mm. per hour. 

The administration of calcium salts intra- 
venously failed to relieve the muscle spasms, but 


the me of barbiturate appeared to be of consider- 
able value in controlling than. The author^ fee! 
that the control of the tp.vmodie contractions was 
of great Importance in preventing the patient from 
completely exhausting hinveU. 

The question *v* to whether thk wan an hysterical 
reaction was omUdtred. Tne 'taff p>ychiatrbt 
concurred with the author* that the patient was a 
wrlbndju* led individual who had no abnormal p*y- 
chonrurotic tpruhnei^. Thh fact was further 
substantiated by -nb'oqmnt intrrvhw* with the 
medical offscer of the patient's organization. 

It b inure* ting to n*»te that Old fl) in reporting 
nine Umilar ca •#-« whirl; occurred in tin* Philippine 
bland**, dc-cribtd the ca^e of a fourteen year old 
boy who di«d “in hysteria” several hour* after he 
had ho n rtl«a*td from medical ob # rvation on the 
day that the stinging occurred. 

Stuart and Slagle (2) reported tv,\> Umilar cn^-s 
occurring in Puerto Rico, They claimed favorable 
re* id b from the u c of calcium gluconate tntra- 
\’i noudy. 

Wade (3) tK -rril t d the p<* t-mortem finding- in 
an individual who died a few minute* after having 
been slung on the lower extremity by a jellyfish. 
The finding* were -aid to be tho-e of generalized 
viscera! com;i*4ion and status lymphaticus, the 
author further staling that the general impression 
gained was the same as that enemmteret! in death 
from suffocation. 

Several \ud> after the patient’s discharge from 
the hospital, information received from hi< unit 
medical officer indicated that he was getting along 
well without any recurrence of hi-* symptoms and 
apparently without any residua. 
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The present publication is concerned with the 
importance of Anopheles pundimacula D & K 1906 
as the vector of malaria in Medellin and the neigh- 
boring locality of Itagiii in the Department of 
Antioquia of the Republic of Colombia. Medellin 
is located in the valley ol the Rio Medellin at an 
elevation of 1540 meters above sea level, and has a 
mean temperature of 22°C. It is located 6° 15' 6" 
latitude north and 1° 2S' 59* longitude west of the 
meridian of Bogotd. 

methods 

The spleens were palpated according to the tech- 
nic of Boyd (1). Each thick film blood smear, 
after having been stained with Giemsa, was ex- 
amined carefully for 10 minutes. The anopheline 
studies were carried out more or less according to 
the technics of Boyd (1) and Elmendorf (2). The 
P. D. I. spleens were classed as No. 1 of the Boyd 
Classification. The mosquito dissections were 
done according to the technic of Wilcox and 
Logan (3). 

MEDICAL OBSERVATIONS 

Malarial surveys of school children between the 
ages of 5 and 14 years and of persons of all age 
groups examined in their homes were carried out at 
different times of the year. These data are sum- 
marized in Table I. 

The persons examined were approximately 
equally divided as to sex and essentially all were 
white. Owing to the low incidence of malaria in 
the area, great care was exercised in palpating the 
spleens considered as No. 1. 

1 The studies herein reported were conducted as a 
part of the program of the Departmento de Malario- 
logfa of the Servicio Cooperative Interamericano de 
Salud Publica, of the Ministerio de Trabajo, Higiene 
y Prevision Social of the Republic of Colombia. 

2 The authors wish to express their thanks and 
indebtedness to Col. W. H. \V. Komp for checking the 
identification of Anophdcs pundimacula and for his 
many helpful suggestions; and to Dr. M. F. Boyd for 
verifying the presence of malarial cysts on the stomach. 


In the zone of Floresta among a total of 186 per- 
sons of all ages examined, a spleen index of 30 per 
cent and a parasite index of 17 per cent were en- 
countered. The density of gametocytes in this 
sample was 9 per cent of the positive bloods. It 
was in this zone of the highest malarial incidence 
that the first infected stomach was encountered. 

ENTOMOLOGICAL OBSERVATIONS 

Four species of Anopheles have been found in 
the MedeUln-Itagiii area during the 16 months of 
study. These are Anopheles argyritarsis Robineau- 
Desvoidy 1897, Anopheles pseudopunctipennis 
Theobald 1901, Anopheles ciseni Coquillet 1908, 
and Anopheles pundimacula Dyar and Knab 1906. 

A. argyritarsis and A. pseudopunctipennis were 
identified by repeated observations on larvae, 
females, eggs and male terminalia, in accordance 
with the characters used by Komp (4) and Causey 
(5). The larvae of A . pseudopunctipennis always 
presented the post-spiracular tails, and the eggs 
were like those described by Rozeboom (6) from 
Panama. A . ciseni was identified by examinations 
of larvae, females, and male terminalia. Special 
interest and care was given to the identifications 
of A . pundimacula owing to the fact that the larvae 
breed in situations differed from those usually 
described for this species (see discussion). The 
identifications of this species were made by re- 
peated examinations of larvae, pupae, male ter- 
minalia, females and eggs. The eggs of this spe- 
cies in Medellin are like those described by Kumm 
(7) from Costa Rica, all three of Kumm’s types 
being represented. 

For 16 months systematic captures of larvae and 
of adult female anophelines were made, the latter 
in human habitations as well as in stables and 
Magoon (8) traps. These data are summarized in 
Table H. 

The stomachs of 177 female A . pundimacula 
taken exclusively from human habitations were 
examined for malarial cysts. One of the writers 
(Soto) found two stomachs which he suspected as 
having cysts, but unfortunately the preparations 
were destroyed. Later, Soto found in Floresta one 
501 
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stomach with cysts which were verified by M. 
F. Boyd* 

DISCUSSION 

The data of the malarial survey of Medellin 
shows a low or hypoendemic incidence with a great 
predominance of P . vivax. The variations of the 


The types of breeding places were much the same 
as those described by Romp (4) and Rozeboom (9). 
The species was only very rarely found in human 
habitations (1 per cent of the female Anopheles 
taken in houses). These facts are in agreement 
with the observations of Earle (10) and Kumm, 
Romp and Ruiz (11). Simmons (12) and Sim- 


TABLE I 

Parasite and spleen indices among 2186 school children and 1191 other persons of all ages in Medellin and I la gin, 

Colombia, during a period of 16 months 

I PLASMODIUM PARASITES 


MALARIA INCIDENCE IN 

Vivas 

Falciparum j 

Mixed 

Gamctocytcs 

i 

Total 

examined 

Total positives 

i 

Number 

Per 

cent 

Number 

Per 

cent 

! 

Number 

Per 

cent 

Number! 

1 

Per 

cent 

Number 

Per 

cent 

School children. 

All ages 

m 

95 

92 

22 

11 

■ 

13 

0 

7 

0 

H 

5 

32 

B 

Ea 

8 

11 

SPLEENS 

I 

II 

III 

IV 

Total 

examined 

Post: 

Number 

tives 

Per 

cent 

School children 

All ages 

514 

195 

39 

45 

4 

4 

1 

2 

2,1S6 

819 

558 

246 

26 

30 


TABLE II 


Anophelines captured in breeding places , houses , inagoon 
traps and stables during a period of 16 months in the 
Medellin area 


SPECIES 

TAKEN IROM 
BREEDING 
PLACES 

IE MALES 
CAPTURED IN 
MAGOON TRAPS 
| AND STABLES 

IEMALES 
CAPTURED IN 
HOMES 


Number 

Per 

cent 

Num- 1 
ber 

. ! 

Per 

cent 

Num- 1 
ber 

Per 

cent 

Argyritarsis. . 

9,267 

54 

40 1 

3 

10 1 

1 

Punctimacula 

4,909 

29 

1,093 

96 

816 1 

98 

Pseudopunc- 
tipennis., . 

2,954 

17 

u 

1 

6 ! 

1 

Eiseni. 

55 

* 

0 

0 

0 

0 

Totals. . . . 

17,185 

100 

1,144 

100 

832 

100 


* Less than 0.5 per cent. 


malaria during the year are not considered in ihis 
publication. The importance of the local anophe- 
lines as vectors of malaria is presented in the follow- 
ing paragraphs: 

A. argyritarsis 

This species was much the most abundant in the 
breeding places (54 per cent of all larvae collected). 


mons and Aitken (13) give summaries of the pos- 
sible r61e of this species, as well as the others herein 
considered, as a malarial vector. We feel justified 
in concluding that in Medellin it is of no importance 
in the transmission of malaria. 

A . pscudopunciipcnnis 

This species constituted 17 per cent of the larval 
anophelines taken from the breeding places. It 
was commonly found together with A . argyritarsis 
in old abandoned borrow-pits, and also in pools of 
water containing algae. This species also was 
found in houses only very rarely (1 per cent of the 
female Anopheles taken in habitations). It also 
represented only 1 per cent of the total female 
anopheline catch in the stables and Magoon traps. 
A . pscudopunciipcnnis in Medillfn would also seem 
to be of no importance as a vector of malaria. 

A. csicni 

The occurrence of this species in the malarial 
zone of Medellin may be considered as purely coin- 
cidental. The larvae (55 in all) were found in a 
single breeding place in the San Antonio de Prado 
section, which has a very low spleen index. One 
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adult male was captured in a house in the more 
malarial section of Guayabal, indicating its prob- 
able presence as larvae near there. 

A. punclimacula 

The larvae of this species constituted 29 per cent 
of the total number collected in Medellin. Here, 
at a temperature of about 22°C., it commonly 
breeds in ground pools exposed to the sun, often 
very close to human habitations. Its breeding 
places arc very numerous throughout the expanse 
of the nearly treeless, broad, flat valley of the Rio 
Medellin. It is also found in shaded, slow-moving 
branches, the banks of which are covered with 
herbaceous vegetation. According to Simmons 

(16) , Coveil (15) ‘'states that the larvae are found 
in open pools, pools in connection with streams 
and in slowly running streams containing leaves.” 

In Panama, however, this species has been con- 
sidered a “shade lover”. Simmons (16) states: 
“In Panama A . punclimacula is found only in well 
shaded waters.” Simmons also quotes a personal 
communication of November, 1935, from Dr. D. P. 
Curry, stating that “it is a jungle-breeding mos- 
quito in Panama and the larvae are to be found in 
shaded ground pools.” He further states, “Curry 
suggests that reports indicating that A. puncii - 
macula in other countries breeds in open pools, rich 
in algae, may have resulted from confusion with 
the recently described A . neomaculipalpus Curry, 

(17) , a very similar species, which breeds in such 
places.” The writers have noted also that in cer- 
tain lowland areas in Colombia this species is 
largely confined to well-shaded waters. As yet, at 
least, we do not have any evidence of its breeding 
in places fully exposed to the sun except in the 
highlands. Kumm, Komp and Ruiz (11) found 
it breeding in both sunny and shaded situations in 
Costa Rica, but no mention was made as to whether 
the collections from shaded situations were con- 
fined to the highlands. Since A. punclimacula 
seems to thrive at moderately high altitudes in 
the open sun as well as in shaded situations, there 
arises the question as to whether or not its limita- 
tion to well-shaded places in hot areas (if estab- 
lished generally) may not be due to a simple dif- 
ference of temperature. This question may well 
warrant experimental study. The importance of 
this species as a local malarial vector is discussed 
in the following separate heading. 


THE r6lE or A. PUNCTIMACULA IN MALARIA 
TRANSMISSION 

A. Experimental infections 

Darling (IS) in Panama and Benarroch (19) in 
Venezuela obtained negative results. Simmons 
(20) obtained positive results, and Simmons (12) 
and Simmons and Aitken (13) summarize these 
results. 

B. Natural infections 

Benarroch (19) in Venezuela and Kumm, Komp 
and Ruiz (11) in Costa Rica obtained negative 
results. Simmons (16) found oocysts full of sporo- 
zoites in 1 of 6 females captured in Fort Sherman 
(Panama). Rozeboom (21) dissected 103 females 
from the Chagres River area and found one in- 
fected. Cadena (22) in Colombia examined 634 
stomachs and 246 salivary glands. He called 
attention to the fact that 624 of the stomachs and 
236 of the glands were dissected at a time when 
inexperience in the work made it impossible to 
judge accurately as to the results, and he stated 
that 3 of the stomachs may have had cysts, al- 
though he reported all results as negative. One of 
us (Soto) found well-developed cysts in one stom- 
ach among 177 examined, the presence of the cysts 
being verified by Dr. M. F. Boyd, and the result 
being herein reported for the first time. 

C. Epidemiological evidence 

Previous to 1910 A. punclimacula was suspected 
as a vector of malaria in Panama, according to 
Simmons (12). Darling (18) and Dyar (23) con- 
sidered it of no importance as a vector. Larde y 
Arthes (24) considered it a vector in El Salvador 
because it was the only anopheline found in a zone 
which had a high rate of endemic malaria. Sim- 
mons (12) concludes that A. punclimacula “is an 
efficient vector of malaria at least in unsanitated 
regions in Panama.” In the present study, we 
may state definitely that this species was the only 
one which frequented human habitations in Medel- 
lin during a 16 month period (98 per cent of the 
total number of female Anopheles taken in houses 
were of this species), in spite of the fact that one 
other species, A. argyritarsis , was nearly twice as 
abundant in the breeding places, and A . pseudo - 
punclipennis was also very common. Also, 96 per 
cent of the female Anopheles taken in the stables 
and Magoon traps were A . punclimacula. Similar 
observations on the habits of the adults of this 



504 


HERNANDO REY, HERNANDO SOTO AND CARL B. HUFFAKER 


species are recorded by Kumm, Komp and Ruiz 
(11) and by Rozeboom (21). The data presented 
in the previous pages seem fully adequate for con- 
cluding that A. punctimacula is the vector of 
malaria in the cit}'- of Medellin. 

SUMMARY 

1. As a result of a survey of 3,377 bloods and 
3,005 spleens in the Medellfn-Itagui area of Antio- 
quia, Colombia, S per cent of the bloods of school 
children, and 11 per cent of the bloods of persons 
examined from all age groups in their homes, had 
plasmodia, and 25 per cent and 28 per cent, respec- 
tively, of the spleens examined among the same 
groups were enlarged. 

2. Plasmodium vivax was the only parasite which 
was encountered in significant numbers, although 
in a few bloods, P. falciparum was found. 

3. Anopheles argyritarsis , Anopheles pseudo - 
punctipennis , Anopheles ciscni , and Anopheles 
punctimacula were the only anophelines found in 
the area during 16 months of study. 

4. Anopheles punctimacula was the only species 
which frequented human habitation, and also the 
only one found to be naturally infected. 

5. It is of importance in the planning of control 
work that this species was found in breeding places 
far removed from wooded land, in urban water 
holes fully exposed to the sun. 
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Cutaneous and visceral leishmaniases arc widely 
distributed in certain parts of the world; however, 
up to the present time, no endogenous cases and 
only a few exogenous cases of cither type of leish- 
maniasis have been reported from the United 
States [Craig and Faust (2), Dwork (3), Mathieson 
and Watson (6), Packchanian (8), and Price and 
Myer (9), Strong (II), Wcnyon (12)]. 

The first exogenous case of visceral leishmaniasis 
in North America was that of a Chinese student, 
aged 29, who entered the United States from China, 
September 3, 1935, as a student at the University 
of Minnesota. On December 15, 1935 (107 days 
after his entrance into the United States) he be- 
came ill and was admitted to the hospital with a 
final, proved diagnosis of kala-azar [Mathieson 
and Watson (6)]. 

The second case, hitherto unpublished, personal 
communication with one of the writers (A. P.), 
was that of an Italian boy who had apparently 
contracted the disease in Italy and manifested the 
clinical symptoms in Boston, Massachusetts. The 
case was diagnosed as kala-azar, and Lcishmania 
donovani was cultured from the patient [Mc- 
Khann (5)]. 

The third case was that of a 15-year-old Filipino 
girl, a former resident of Calcutta, India. One 
year after entering the United States, she was ad- 
mitted to the Presbyterian Hospital in New York 
City, July 20, 1943. The diagnosis of kala-azar 
was based chiefly on the demonstration of Leish- 
man-Donovan bodies in smears from the sternal 
bone marrow [Rose (10)]. 

A fourth patient, a 23-year-old Indian seaman, 
was admitted to the U. S. Marine Hospital in New 
York City in August, 1943. His illness was finally 

1 The writers wish to express their thanks and grati- 
tude to Dr. E. L. Gardner and Dr. Joseph Moore of the 
U. S. Public Health Service, and to Capt. M. A. Krupp 
of the U. S. Army for their kind cooperation and aid in 
this study, and to Air. Robert Sage of the University 
of Texas, for his skillful photomicrography. 


diagnosed as visceral leishmaniasis [Price and 
Myer (9)]. 

The fifth and sixth cases of exogenous visceral 
leishmaniasis were diagnosed recently by the writ- 
ers and are described in this report. These patients 
were native Indian seamen from Assam, India, who 
arrived separately in San Francisco, early in 1944, 
aboard Dutch steamers. 

CLINICAL AND LABORATORY FINDINGS 

Our first patient, a 40-vear-old Indian seaman, 
was admitted to the U. S. Marine Hospital on his 
arrival at San Francisco, California, on March 11, 
1944, with a tentative diagnosis of malaria. He 
complained of fever, chills, headache, and diffuse 
abdominal discomfort, all of approximately four 
weeks* duration. He had shipped from Calcutta, 
presumably in good health, but while at sea had 
noticed fever and malaise. Physical examination 
revealed moderate emaciation, slightly enlarged 
liver, and markedly enlarged spleen, which ex- 
tended approximately eight centimeters below the 
costal margin (fig. 1A). The temperature was high 
and irregular, usually with one but at times with a 
so-called “double rise”, or two peaks daily (fig. 2). 

The erythrocyte count was 2,500,000, and the 
leukocyte count varied from 2,700 to 3,400 cells 
per cubic millimeter. Blood smears for malarial 
parasites and the agglutination tests for typhoid, 
typhus, and undulant fever were negative. 

After two weeks in the hospital, the temperature 
continued to rise daily and at times reached 104°F. 
(40°C.). A sternal puncture was made during this 
period. A second sternal puncture was performed 
on April 21, 1944. Smears made from both speci- 
mens were stained by a combination of the Wright- 
Giemsa stains and showed many aflagellar forms of 
Leishman-Donovan bodies, both intracellularly 
and extracefluJarly. Each aflagellar form of the 
parasite showed two distinct structures, i.e., a rela- 
tively large, ovoid, deeply stained, basophilic, 
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Fig 1 Kala-azar in Two Adult Indians, Diagnosed in the United States (Exogenous Cases) 

The patients were photographed toward the termination of the chemoth crapy. The pencil tracing indicates tin 

degree of enlargement of the liver and of the spleen 
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peripherally located nucleus and a rod-shaped, 
more deeply stained kinetoplast (fig. 3). 

In addition, on April 21, 1944, the following so- 
called “presumptive tests” for kala-azar were per- 
formed: (a) Brahmachari’s serum-globulin or water 


test, (b) Napier’s aldehyde or formol-gel test; and 
(c) Chopra’s antimony test [Craig (1)]. All of 
these tests gave positive reactions. 

On April 21, 1944, a specimen of bone marrow, 
obtained by the second sternal puncture, v 7 as inocu- 
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la ted into several blood near tube? containing 50 to 
50 per cent of defibrinated rabbit’? blood (X. X. 
medium with le<^ than the customary amount of 
blood), Tin* tubes were rubber capped and incu- 
bated at wont temperature (Packchanian (7)]. 
Five days later (April 2(>, 10-14), several tube? of 
the culture were found to be positive for motile, 
leptomonad flagellates which had the rnoqiho- 
logical and cultural characteristic? of Lcislnnania 
doiun\wi. Eight flays after inoculation (May 1, 
1^44), the remaining tubes of cultures were found 
positive for flagellates. Colonies were distinctly 
visible on the slanted portion of some of the blood 


tubes showed no growth. The growth of flagel- 
lates in some of the tubes was less heavy than that 
obtained from bone marrow at the same time and 
on identical culture medium; however, the sub- 
cultures yielded a rich growth. 

The flagellates which had been cultured, both 
from the bone marrow and from the circulating 
blood, stained well with a combination of the 
Wright-Giemsa stains. They revealed all morpho- 
logical characteristics of Lcislnnania donovani . A 
long flagellum could be traced from the kinetoplast, 
which was situated at the blunt anterior end of the 
parasite. There was no evidence of an undulating 


7 * 



Fig. 5. Li;ishm\n-Donovan Bodies ok Aflxgellar Forms of Lf.ishmania donovani from Bone Marrow of 

Patient Xo. 1 or Kal\-azar (X 1600) 


agar tubes, and the water of condensation was 
swarming with free swimming flagellates and ro- 
settes. The second generation revealed almost 
identical cultural forms (fig. 4) which were found 
likewise in subsequent generations. The strain 
was maintained in vitro and subcultured until 
September, 1944. 

On the same day that the second sternal punc- 
ture was made, about 10 cc. ol blood were removed 
from the patient’s arm; the blood was defibrinated 
and from 0.5 to 1.0 cc. was introduced into several 
blood agar slants (N. N. medium). These tubes 
were likewise rubber capped and incubated at room 
temperature (23° to 25°C.) and examined at various 
intervals. Positive growth of flagellates was noted 
in one tube after 16 days, in others after 19, 26, 
and 36 days respectively, while the remaining four 


membrane. The nucleus was rather large and was 
located either centrally or toward the posterior 
end (fig. 4). 

Our second patient was a 25-year-old Indian sea- 
man, who had lived also in Assam, India, and had 
shipped from Calcutta. He entered the U. S. 
Marine Hospital at San Francisco, California, on 
April 10, 1944, complaining of chills and fever 
which had been occurring daily for a month prior 
to his entry, and of a vague pain in the left upper 
quadrant of the abdomen. Physical examination 
revealed that the liver was moderately enlarged 
and that the lower border of the spleen extended 
down to the level of the umbilicus (fig. IB). The 
blood count showed 3,500,000 red blood cells and 
3,500 white blood cells respectively per cubic milli- 
meter. Tests of the urine were negative. Smears 
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for malaria were repeatedly negative, and agglu- 
tination tests for tvphois, paratyphoid, and undu- 
3ant fever likewise were negative. Because of the 
similarity of his symptoms and his clinical picture 
to our first patient, and because his fever also con- 
tinued to run irregularly, the presumptive tests for 
kala-azar were performed. These all gave positive 
results. Leishman-Donovan bodies were demon- 
strated in smears from the sternal bone marrow. 


was returned to India from the hospital, he was 
clinically well but the presumptive tests still were 
positive. 

The second patient received a complete course 
of treatment in 11 days with a total of 2.8 grams 
of neostam. Clinically, his improvement was 
marked, but because his presumptive tests re- 
mained positive, he was given a second course of 
neostam. At the time of his departure, he showed 



Fig. 4. Cultural or Flagellar Forms of Leishmania donovaki, 
Combination of Wright-Giemsa Stains (X 1600) 


TREATMENT 

Both patients were treated with stibamine glu- 
coside (neostam). 2 The drug was administered 
intravenously in gradually increasing doses, start- 
ing with 0.1 gram and an additional 0.1 gram was 
given with each successive dose until 0.3 grams 
were administered daily. The reaction of the first 
patient, however, became so severe after five injec- 
tions that the drug was discontinued. Fuadin 
(sodium antimony biscatechol disulfonatc of so- 
dium) then was tried, and although this drug is 
supposedly less efficacious than the pentavalent 
antimony compounds, he improved rapidly and 
steadily and without further reaction. When he 

2 Neostam (stibamine glucoside) can be purchased 
from Burroughs and Wellcome, New York City Branch, 
and neostibosan (ethylstibamine) from Winthrop Com- 
pany, New York City. 


no clinical symptoms; the spleen was no longer 
palpable and the presumptive tests for kala-azar 
were negative. 

DISCUSSION 

For an absolute diagnosis of visceral leishmania- 
sis, it is essential to demonstrate: (a) the aflagellar 
forms, Leishman-Donovan bodies, in smears made 
from the bone marrow or blood; and (b) the flagel- 
lated forms grown in vitro from bone marrow or 
blood on suitable medium. 

Both Trypanosoma cruzi and Lcisfnnania dono - 
vani produce aflagellar forms or so-called Leish- 
man-Donovan bodies that are morphologically 
almost identical in the vertebrate host. On the 
other hand, L. douovani can be readily distin- 
guished from jP. cruzi in cultures because the former 
occurs in the leptomonad form which lacks an 
undulating membrane and the latter appears as a 
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Balantidiasis is generally considered to be a rare 
infection in man. Recently, Young (1) reviewed 
the literature and estimated a total of only 41 cases 
reported in continental United States. The states 
represented in the review included Arkansas, Iowa, 
Louisiana, Maryland, Massachusetts, Minnesota, 
Mississippi, North Carolina, New Mexico and 
Washington. In addition, Craig and Faust (2) 
claimed to have observed thirty six cases in the 
course of thousands of stool examinations. 

In view of the comparative paucity of human 
balantidiasis in this country, it appears to us the 
present case is worth reporting. Thus far, no 
authentic cases have been reported from the state 
of Missouri. 

REPORT OF THE CASE 

B. L., white female, 35 years of age was admitted 
to Barnes Hospital with complaints of cramping, 
epigastric pain, lower abdominal distress, and diar- 
rhea almost daily for the past four months. There 
had been little associated nausea and no vomiting. 
She had lost ten pounds during the same period. 
The pain was described as being colicky in nature, 
usually occurring one to two hours after meals, 
but had occurred at any time during the 24 hours, 
frequently keeping her awake at night. There 
were no particular food intolerances; all foods 
seemed to cause some distress. Stools were soft, 
frequently watery containing little mucus; no fresh 
blood was ever noted. 

Past history: There was nothing to indicate that 
the patient’s previous history bore a particular con- 
nection with the present condition. On the con- 
trary, she had previously suffered from constipa- 
tion. She has, however, always been thin and 
underweight, and has had numerous illnesses for 
which she was admitted to the hospital 6 times pre- 
viously. 

Social history: The patient lives in a small south- 
western town in M issouri. Her occupation is phar- 
macist and she owns and operates a drug store. 
She stated emphatically no possible close contact 

* From the Departments of Bacteriology and Im- 
munology and of Internal Medicine, Washington Uni- 
versity School of Medicine, St. Louis, Missouri. 

2 Major, AAF Convalescent Hospital, Miami Beach. 
Florida. 


with hogs and had never partaken an}' unprepared 
porcine meat. She had eaten daily in a restaurant 
run by her mother. 

Physical examination: A poor!}' nourished and 
delicate woman. Skin was clear and no general 
glandular enlargement was present. Blood pres- 
sure was 104/70. The abdomen was scaphoid and 
the right kidney was palpable but not tender. 
There was a considerable diffuse lower abdominal 
tenderness without guard. Lungs and heart were 
negative. 

Proctoscopic examination: It was entirely normal 
except some pallor and an increased amount of 
mucus. 

Laboratory examination: Urine was dear and nor- 
mal. Blood count: there were 4,080,000 red blood 
cells per cu. mm.; 4600 white blood cells; 76 per 
cent of hemoglobin and normal Schilling. Blood 
chemistry: non-protein nitrogen was 1 1 mgm. per 
cent and sugar 54 mgm. per cent. Kahn test was 
negative. Stool examination revealed the presence 
of trophozoites of Balantidium coli and no cysts 
were found. Stools were negative for typhoid and 
dysentery groups. Roentgen ray examination of 
chest was negative and gastrointestinal series re- 
vealed nothing but somewhat hypotonic and redun- 
dant colon. 

Treatment: The patient vas treated with car- 
barsonc 0.25 grams twice daily for ten days. Sub- 
sequent stool examinations made fora period of two 
months were repeatedly negative for Balantidium 
coli . 

COMMENT OX THE CASE 

Though the pathogenicity of Balantidium coli 
was generally accepted by clinicians, symptoma- 
tology greatly varies. Many individuals exhibit 
no apparent symptoms such as in some cases of 
amebic carriers, but in a vast majority of instances 
protracted diarrhea is known to occur as exempli- 
fied by the present case. In severe infection, it 
closely resembles amebic dysentery and dysentery 
with accompanying ulcerative processes may super- 
vene. The fact that no other causes could be de- 
lected and that the diarrhea promptly disappeared 
following the treatment strongly indicated that 
Balantidium coli was responsible for the condition 
of this patient. 

It is generally believed that man acquires the 
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infection through direct or indirect contact with 
hogs ratlier than from human sources. Craig and 
Faust claimed that in 25 per cent of reported cases 
of the infection gave a history of direct contact 
with the animals leading to hand to mouth transfer 
of cysts. Trophozoites of the organisms arc seldom 
considered the infective stage probably because of 
their brief extracorporal viability* However, Rees 
(3) has found that trophozoites were often able to 
survive for ten days at room temperature under 
anaerobic condition. According to Hcgncr (4) 
they are capable of passing unharmed through the 
stomach and reaching the caecum of guinea-pigs. 
In view of the apparent absence of contact with 
hogs, as stated by the patient, we may assume that 
a probable source of the infection may be traceable 
to the presence of human carrier. However, the 
low incidence of human infection tends to preclude 
the possibility of man being an important source 
of transmission, though carriers among food han- 
dlers may be responsible for a small percentage of 
cases. An attempt to secure stool sample of em- 
ployees at her mother’s restaurant was not mate- 
rialized; hence this possibility was not taken into 
consideration for time being. 

Houseflies as vectors of the infection may be con- 
sidered important, though no experimental studies 
have ever been made as to the exact role of house- 
flies in the transmission of balantidiasis. It is 
known that houseflies are capable of flying several 
miles a day. A record flight of 13 miles within a 
few days has been reported. Craig (5) believes 
that c} r sts of Endamocba histolytica adhering to the 
bodies of flies are usually destroyed by desiccation 
but those remaining on the feet may contaminate 
food while still in a viable condition by walking 
over moist food stuff. Root (6) found that cysts 
of some human protozoa remained viable for a con- 
siderable time in the guts of flies, the majority dy- 
ing in about 15 hours, but some remaining alive as 
long as 49 hours. We may postulate, therefore, 
that since the patient lives in a small town not far 
from surrounding rural areas, it is quite possible 
that migrating flies might have served as “passive 
carriers” thus contaminating food and drink. This 
may occur in localities where sanitary conditions 
are such as to allow flies access to fecal matter of 
infected hogs. There may also exist some other as 
yet unknown domestic reservoirs of the balantidia. 

Rats and mice as probable reservoir hosts have 
been eliminated on the basis of the fact that 
balantidia have been rarely found in their intes- 
tines in nature. Attempts to infect laboratory 
bred rats and mice by various methods of inocula- 


tion with culture containing numerous trophozoites 
of Balantidium coli isolated from the feces of the 
patient resulted negatively in all instances. A de- 
tailed study on the experiment will be reported 
later. Since no cysts were found in the culture 
medium, wc may say that the transmission was not 
possible by the use of trophozoites at least in our 
study. 

The efficacy of carbarsone in the treatment of 
balantidiasis appears to be fairly well established. 
Young and Burrow (7) obtained very favorable 
results in all the cases treated with the drug. Re- 
cently, however, DcLanncy and Beahm (8) re- 
ported that the treatment with carbarsone followed 
by oil of chenopodium gave only temporary relief 
while diodoquin in dosage of ten 0.25 grams a day 
for 20 days resulted in the absence of relapse after 
IS months. Since no specific chemotherapeutic 
agent is known at present, it seems necessary to 
follow up a number of cases with periodical exami- 
nation over a long period of time in order to deter- 
mine the extent of specificity of the drug employed. 
This has been accomplished by Young and Bur- 
row in their seven cases. 

SUMMARY 

1. The first authentic case of balantidiasis in 
man is reported from the state of Missouri and 
probable sources of infection discussed. 
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With the increased interest in parasitology there 
lias developed the problem of obtaining an ade- 
quate supply of laboratory material for teaching 
puqioses. Unfortunately, in the effort to obtain 
prepared slides and other fixed material, too fre- 
quently we have lost sight of the fact that more 
valuable fresh living material may be available 
locally. Fixed and stained material is essential to 
illustrate histopathologv, to set forth the distin- 
guishing characters of certain parasites (notably 
malaria), to illustrate forms which cannot be ob- 
tained in the living state, and to supplement the 
study of living material. It seems unfortunate, 
however, to use only fixed and stained material to 
illustrate diagnostic stages which the physician will 
rarely, if ever, see in such condition thereafter. 
However valuable a hematoxylin stained smear of 
Endamoeba histolytica may be to illustrate the mor- 
phology of the trophozoite, it is much less impor- 
tant than the fresh living trophozoites of any para- 
sitic amoeba in the training of medical students. 
Actually the student, in his clinical contacts there- 
after, will be called upon to recognize the forms in 
feces, probably without the facilities or opportunity 
of making hematoxylin preparation. If time per- 
mits, he may make his own hematoxylin stained 
preparation from the fresh material in class as he 
or his technician might do later in the clinic. What 
has been emphasized here with reference to E. 
histolytica holds with varying degrees for other 
forms studied. 

Accordingly, an attempt is made here to outline 
some of the opportunities for obtaining fresh mate- 
rial to illustrate some of the commoner parasites 
of man. The suggestions offered grow out of the 
courses developed in the School of Hygiene and 
Public Health of the Johns Hopkins University 
under the direction of Dr. W. W. Cort and the late 
Dr. Robert Hegner. Our concern is first to obtain 
fresh living organisms for study. Usually species 
from man are to be preferred but where parasites 
from man are not available recourse is had to 
closely related forms from lower animals. More 
individual effort is required on the part of the 


teaching staff to provide fresh living material than 
in issuing permanent slides but the results are 
easily worth that extra effort. 

I. INTESTINAL PROTOZOA 

With the intestinal protozoa more than with an}' 
other group fresh living material is important in 
teaching the student the problems of microscopical 
diagnosis. One or more of the following sources 
may be utilized. 

A . Service Laboratories or Clinics ( Hospitals , 
Health Department Laboratories , Private Clinical 
Laboratories). Any or all of these sendees may be 
able to provide fresh material for class study. The 
dependability of such sources will rest on a number 
of factors such as 1) The prevalence of infection in 
the clientele served, 2) The number of routine 
examinations, and 3) the degree of personnel coop- 
eration and proximity of the laboratory. In our 
experience such sendees have been extremely help- 
ful to us but because of the low prevalence of infec- 
tion in this area we have not been able to depend 
upon receiving a specified organism* on any given 
day. 

B . Staff y attendants , etc. The examination for 
intestinal protozoa of staff, assistants, graduate 
students, animal attendants and others associated 
with the department has never failed to provide one 
or more dependable sources of one or several of the 
intestinal protozoa. 

C. Students . In almost any class one or more of 
the students is likely to harbor intestinal protozoa. 
If sufficient help is available a routine examination 
will reveal those whose feces are of teaching value. 
However, the students may be assigned the task of 
examining their own feces under supervision after 
they have had some preliminary study. 

D. Animals. Representatives of the genera of 
intestinal protozoa which occur in man may be 
found in a variety of animals and in some cases the 
species infecting man may be found. The follow- 
ing list is given to illustrate the type of material 
which may be available; only forms similar to the 
human species which are readily found are listed; 
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forms very different from human species are noted 
if they are likely to be conspicuous. For more 
complete listing see Hegner, Root, Augustine and 
Huff (pp. 38-41). 

1. Primates (monkey and chimpanzee) (feces): 

Balantidium coli 
Endanwcba histolytica 
E . colt and other species 
Iodamocba sp. 

Trichomonas hominis 

Giardia lamblia (not very common) 

Note: Troglodyfclla abrassarii (cilia te) may he 
conspicuous 

2. Pig (caecum). Material may be obtained at 

almost any abattoir killing swine: 

Amoebae (not readily found) 

Trichomonas suis (not readily found) 

3. Laboratory Rats (caecum, less easily seen in 

feces) : 

Giardia nutris (rats on dog chow may be less 
heavily infected than when on a grain diet). 
Trichomonas muris 
Chilomastix beilcncourti (not common) 
Retortamonas sp. 

Endanwcba muris 

Note: Hcxamita muris is conspicuously present. 

4. Laboratory Mouse (caecum or intestine, less 

easily seen in feces) : 

Giardia muris 
Trichomonas muris 
Amoebae 

Note: HexamUa muris is conspicuously present. 

5. Guinea pig (caecum) 

Giardia caviac 
Trichomonas caviac 

Endanwcba cobayae (not as conspicuous as the 
flagellates) 

6. Rabbit (feces) 

Eimcrta sticdac (coccidia) 

7. Chickens, frogs, snakes, cockroaches, and various 

other non-mammals may also be used as effec- 
tive sources of intestinal protozoa. 

E. Cultures . In general, intestinal protozoa 
from cultures arc much less satisfactory for teach- 
ing purposes than the same species from the natural 
environment. However, Endamoeha histolytica 
trophozoites from cultures effectively illustrate the 
typical movement and are particularly useful if no 
other source of living amoeba is available. The 
large mass of starch granules in these amoebae, 
however, mask much of the characteristic mor- 
phology of the organism. It is not always easy to 
start the culture from feces but an experienced 


technician can quite easily maintain, by subcultur- 
ing, a strain once it is established. 

The pathogenic amoeba of snakes, E. invadcits 
(see Geiman and Ratcliffe, 1938 and Larsh, 1944), 
is morphologically indistinguishable from E , histo- 
lytica. Since it readily grows in culture and is 
activeh 7 motile at room temperature, it is an effec- 
tive substitute for E . histolytica in teaching the 
identification of the latter form. 

IX. BLOOD PARASITES 

There is no adequate substitute for stained blood 
mears in the routine laboratory diagnosis of ma- 
laria, but if preparations of human malaria are not 
available those of bird malaria ma}^ be used effec- 
tivefy. Even when stained smears of human ma- 
laria are available it is of value to demonstrate some 
stages of the living parasites; this may often be 
accomplished more easily with bird malaria. Spe- 
cies of bird malaria, such as Plasmodium calhc- 
mcrium, are particularly useful for demonstrating 
exflagellation. This may be seen within 20 to 40 
minutes in a vaseline sealed fresh drop of blood 
under oil immersion or even under 4 mm. objective. 
Malaria infections are common in a wide variety of 
birds but the English sparrow is perhaps, in gen- 
eral, the most convenient source of bird malaria in 
nature and such infections may be transmitted by 
blood inoculation to both sparrows and canaries. 

Trypanoscma rotaiorhun and microfilaria of 
Fokyclla sp. are both common in frogs from Florida 
and Louisiana. Microfilaria may also be found in 
both dogs and crows in the south and have been 
reported to be common in the snowshoe rabbit in 
Minnesota. T. Icivisi occurs in wild rats and may 
be maintained in laboratory rats by intraperi- 
toneal subinoculation. 

INTESTINAL HELMINTHS 

As in the case of the intestinal protozoa the 
natural infections in man may be utilized when 
available. However, except in the South, hel- 
minths are less commonly encountered than are 
the protozoa so that we have come to depend more 
heavily on animal infections for the laboratory 
demonstrations of the intestinal helminths. 

A . Tapavonns (Ccslodcs) 

Laboratory mice are good sources of Hymcnokpis 
nana infection; many but not all colonies will be 
found to be naturally infected. Eggs may be ob- 
tained from feces or, at necropsy, from the terminal 
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proglottid? of the worms. Once the parasite is 
established in the colony infection may be main- 
tained relatively easily by adding young mice to a 
stock colony at tw o to four week intervals. A con- 
venient procedure is to heavily mark with dilute 
eosin the young mice added to the cage and at that 
time remove and discard those from which the 
color has completely disappeared. The litter in 
such cages should not he changed any oftener than 
once a week at the most. 

The eggs of the cat tapeworm, Taenia taenia - 
or mis and the dog tapeworms, Taenia piseformis, 
ifulticcps muUiccps % and M. serialise are indistin- 
guishable from those of Taenia saginala and T. 
solium . Eggs may be recovered from the feces or, 
at necropsy, from the terminal proglottids of the 
worms. The cat tapeworm will more likely be 
found in cities where rats arc common; the above 
dog tapeworms are more likely to occur in rural 
clogs or those from small towns, but the double- 
poured tapeworm, Dipylidium can in tint, occurs 
commonly in the city dogs. 

Cysticcri may be demonstrated in the livers of 
wild rats or even some colonies of laboratory rats 
(Cysticcrcusfasciolans = Taenia tacniaformis), the 
mesenteries of cotton-tail or jackrabbits ( Cysti - 
ccrsiis pisefortnis = T. piseformis ), or the subcu- 
taneous tissues of the same rabbits (Cocnurus 
serial is = Jf, serial is), 

B. Round worms (Nematodes) 

1. General structure of adult worms. The gen- 
eral structure of adult nematodes may be illus- 
trated with nematodes of insects; the oxyurids from 
the rectum of the American roach, Peri plan ta 
amcricamis, are particularly good for this purpose. 

2. TricUnclla spiralis . This is, perhaps, the 
easiest nematode infection to maintain in the labo- 
ratory*. Every mammal is susceptible to infection 
and the skeletal muscle of any infected mammal 
will serve as a source of infection. Infective muscle 
may be maintained in good shape in a refrigerator 
for weeks. Dump rats or garbage-fed hogs are 
good sources of infection, but it is easiest to obtain 
the original infection from one who has it in labo- 
ratory animals. Rats will, after 24 to 36 hours 
starvation, readily eat infected meat. The typical 
infective muscle stages can be demonstrated at 
necropsy in the diaphragm or other skeletal muscle 
any time after the third week of the infection 
throughout the life of the rat. 

3. Hookworms. Ancylostoma caninum is quite 
common in half-grown and even mature dogs, par- 


ticularly stray dogs, in many parts of the United 
States. They arc common in young puppies in 
crowded kennels and Unc inaria stcnoccphala is 
common in crowded fox farms. Ancylostoma 
brazil i ease may be found in both cats and dogs in 
southeastern United States. The eggs of these 
forms are only slightly larger than those of Necalor 
amcricanus and otherwise similar to them in feces. 
Cultures of feces with equal parts of sterile sand 
or charcoal at room temperature (kept moist) will 
produce infective larvae in 7 to 12 days. Such 
larvae may be isolated by suspending the culture 
in a stoppered funnel of warm water (Baermann 
apparatus), the larvae being drawn off through the 
stem in an hour. Several hundred to several thou- 
sand A, caninum larvae placed on the skin or in- 
jected subcutaneously in a puppy will produce a 
good infection in three weeks. 

4. Strongyloidcs. Every colony of rhesus mon- 
keys or chimpanzees wc have examined has had one 
or more StrongyloidcsAniectcd animals. Eggs or 
first stage larvae arc found in fresh feces; infective 
larvae may be found in 36 to 48 hour cultures (pre- 
pared as hookworm cultures) but since indirect 
development usually occurs free-living adults will 
be found in 2 to 7 days and infective larvae in 3 to 
6 days. 

Wild rats in many areas and some colonies of 
laboratory rats will be found to harbor Slrongy- 
loidcs ratti. Except for the preponderance of eggs, 
rather than first stage larvae, which occur in the 
feces they are not unlike human or other primate 
Strongyloidcs for class use; development is usually 
direct with infective larvae in 36 to 48 hours. 

5. Ascaris lumbricoidcs . The ascaris of pigs is 
morphologically indistinguishable from human as- 
caris. They can usually be obtained from the 
Federal Meat Inspector or butcher wherever swine 
are slaughtered. Normal eggs may be obtained 
from the proximal portion of the uterus of the 
female worms. Developmental stages can be ob- 
tained by maintaining them in water with 1% for- 
malin or potassium bichromate at room temper- 
ature; larvae will develop in them in 10 to 15 
days. 

C. T rental odes (Flukes) 

There are no commonly available trematode in- 
fections in the United States which are similar to 
the species occurring in man. However, living 
trematodes may be demonstrated in a number of 
animals. The frog is a particularly useful animal 
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for this purpose since trematodes may be found in 
the rectum ( Diplodiscus tcmperatus ), intestine 
(< Cephalogonimiis sp. most common) the urinary 
bladder {Gorgodcra sp. and Gorgodcrina sp.), in the 
lungs (. Pncumonocccs sp. and related forms), and in 
the subcutaneous tissue and mesenteries (metacer- 
ceria of Clonostomum attenuation ). The worms are 
most easily demonstrated by dissecting the frog. 
Some species, particularly the lung flukes, will dis- 
charge their eggs when stored in tapwater about an 
hour; if eggs are not discharged they may be ob- 
tained by teasing the worm apart; miracidia will 
hatch in a few minutes from the eggs of the rectal 
and bladder flukes. 

Fresh water snails harbor a variety of larval 
ttem&toctes. The cetc&rxa, may emerge m large 
numbers when the snails are placed in tap-water in 
milk bottles or even small containers. If 1 to 5 
snails are put in each container, it is easier to detect 
those which are infected. The cercaria should be 
visible to the naked eye or with a hand lens in 12 to 
24 hours and may be transferred by means of a 
pipette to slides for microscopical study. 

Redia or daughter sporocysts containing cercaria 
may be dissected out of the digestive glands of these 
same snails. 

IV. SUMMARY AND LITERATURE 

It is hoped that one or more of the above sugges- 
tions may prove helpful to some of those who are 
having difficulty in obtaining laboratory material 
for teaching purposes. No attempt has been made 
to offer a complete list of possible forms available 
or to outline laboratory procedures. Only two spe- 
cific references (concerning E. invadcns) and a few 
more general references are appended. 
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In 1943 Pardo-Castello and Tiant, of Cuba, Through the courtesy of Dr. Pardo-Castello, 
presented an excellent review of the immunologic we obtained 2 cc. of lepromin for testing a series 
types of leprosy and the varying responses to of proven cases of Boeck’s sarcoid. Dr. George 
lepromin skin tests (1). During the discussion Harrell developed the same idea of testing sar- 
Pardo-Castello stated that almost all apparently coid cases with lepromin after conferring with 


Fig. 1. A Positive Lepromin Test on the Forearm of a Patient with Active Pulmonary Tuberculosis 
The photograph was made fifteen days after the lepromin test 



healthy adults in Havana give a positive lepromin 
test, and suggested that the cases of Boeck’s 
sarcoid found in Cuba might be instances of atyp- 
ical leprosy. These statements suggested to us 
the intriguing possibility that the Boeck’s sarcoid, 
or sarcoidosis, found in the United States might 
be attenuated or modified leprosy. 


Pardo-Castello, but obtained his lepromin from 
the leprosarium at Carrville, La. 

The lepromin furnished us by Dr. Pardo-Castello 
was an opalescent fluid which contained a sus- 
pension of very small fragments of tissue and whole 
or partly broken but still acid fast bacilli of Myco- 
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baclcrium leprae. The material had been sterilized 
by heat. 

The skin test was performed by injecting 0.1 
cc. of the lepromin intradermally in the skin of 
the ventral surface of the right forearm, The 
test was controlled by injecting into the correspond- 
ing area on the left arm 0,1 cc. of a 1 : 1000 dilution 
of old tuberculin. 

There was practically no immediate reaction to 
the lepromin, but usually after twenty-four to 
forty-eight hours an erythematous halo, with or 
without infiltration, appeared and persisted from 


TABLE 1 


CASE 

■ DISEASE 

OLD tuber- , 

CULIN 

LEPROMIN 

1 

Sarcoid 

Negative 

Negative at 25 days 

2 

Sarcoid 

Negative 

| Negative at 30 days 

3 

Sarcoid 

Negative 

| Negative at 30 days 

4 

Sarcoid 

Negative 

Negative at 30 days 

5 

Sarcoid 

Negative 

Negative at 30 days 

6 

Sarcoid 

Negative 

Negative at 14 days 

7 

Sarcoid 


Negative at 30 days 

8 

Sarcoid 

Negative . 

Positive at 21 days 

9 

Sarcoid 

Positive | 

Positive at 14 days 

10 

Sarcoid 

Positive 1 

Positive at 30 days 

11 

Pulmonary j 
tubercu- j 
losis 

Sputum 

positive 

Positive at 15 days 

12 

Pulmonary j 
tubercu- 
losis 

Sputum 

positive 

Positive at 21 days 

13 

Normal 

Negative 

Negative at 14 days 


two to seven days. The true lepromin reaction 
begins between the seventh and fourteenth day 
as a small nodule which gradually reaches a maxi- 
mum size between the third and fourth weeks. 
Often an area of central necrosis develops in the 
nodule which requires several weeks to heal (fig. 1). 

Ten cases of Boeck’s sarcoid were tested with 
lepromin and nine controlled by tuberculin. Sev- 
eral of these patients were included in the original 
series of cases reported by Harrell (2) from this 
clinic. In all cases the clinical symptoms were 
typical, and the diagnosis had been confirmed in 
each instance by a biopsy. 

The lepromin was negative in seven of the cases 
of sarcoid (table 1), and the tuberculin was nega- 
tive in six of the seven. The lepromin was posi- 
tive in three cases; the tuberculin was positive in 


two of these cases. Two cases of active tubercu- 
losis gave a definite positive lepromin test. 

It is of interest that Case 9 gave a negative 
tuberculin test in 1934 when his disease was active. 
In 1944 all evidence of sarcoid had disappeared; 
the tuberculin was then positive and so was the 
lepromin. In other instances observed in this 
clinic sarcoid cases with negative tuberculins 
have recoveied completely and the tuberculins 
have remained negative. 

DISCUSSION 

The results in this small series of cases suggest 
that patients with positive tuberculin tests give 
false positive tests with lepromin. This problem 
has been studied in great detail by Fernandez in 
Argentina (3, 4, 5). Fernandez (4) found that the 
tuberculin test and the Mitsuda reaction (lepro- 
min?) agreed in ninety-seven per cent of the tests 
done on individuals apparently free of leprosy and 
coming from countries where there is no leprosy. 
In another study one hundred and twenty-three 
children with negative Mantoux and Mitsuda 
reactions were inoculated with B, C. G. anti- 
tuberculin vaccine. One month later the tuber- 
culin reaction was positive in 99.18 per cent and 
the Mitsuda in 91.86 per cent. 

The most striking clinical differences between 
the positive tuberculin and the positive lepromin 
test are the delayed onset, slow development and 
slow decline of the lepromin test. In the tuber- 
culin the antigen is in solution while the antigen 
or antigens in the lepromin material are still 
bound in the bodies of the bacilli, and the delay 
in the appearance of the test could be explained 
as the time required for the tissue fluids to dissolve 
the particulate antigens. 

SUMMARY AND CONCLUSIONS 

Ten patients with Boeck’s sarcoid were tested 
with lepromin. Negative tests were obtained in 
seven and positive ones in three. Six of the seven 
negative tests were in patients known to have 
negative tuberculin tests, and two of the three 
positive were in patients with positive tuberculins. 
Two patients with active tuberculosis gave posi- 
tive lepromin tests. Apparently patients with 
positive tuberculin tests give false positive tests 
with lepromin. No evidence was obtained to indi- 
cate that Boeck’s sarcoid is an attenuated or modi- 
fied form of leprosy. 
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The possibility that generalized sarcoidosis of 
Boeck may be caused in some instances by Myco- 
bacterium leprae has been suggested by the clin- 
ical and pathologic resemblance of certain cases 
of sarcoid to tuberculoid leprosy. Other observers 
have commented on the difficulty of making a dif- 
ferential diagnosis between these two conditions, 
particularly in cases where the skin is extensively 
involved (1). Some investigators still question 
whether Mycobacterium leprae has been recovered 
by culture or animal inoculation (2). The failure 
to recover constantly from patients with sarcoid 
any etiologic agent by culture on a wide variety of 
media or by inoculation of many species of animals 
would therefore be consistent with a relationship 
to tuberculoid leprosy (3). Acid-fast stains of 
scrapings from the nasal mucosa or from sarcoid 
nodules and of slides prepared from excised tissue 
have been negative, but organisms cannot always 
be demonstrated by this technique even in tuber- 
culoid leprosy. The present study was under- 
taken to determine by means of an immunologic 
or biologic reaction whether sarcoid is actually 
related to leprosy, or whether lepromin can be 
used for differentiation. 

The lepromin test consists in the intradermal 
injection of an antigen prepared from a boiled, 
ground saline suspension of excised lepromatous 
tissue rich in Mycobacterium leprae (4). It has 
been variously called the lepromin, the leprolin, 
and the Mitsuda test. The classical reaction is 
delayed in its appearance and is read at 21 days. 
The cause of the variations in the reaction occur- 
ring in known cases of human leprosy needs further 
interpretation. Because of these variations, the 
lepromin reaction is considered of no value in 

: Read at the 40th annual meeting of the American 
Society of Tropical Medicine at St. Louis, Missouri, 
November 16, 1944. 

The cost of reproducing the illustrations and tabu- 
lar material was generously borne by The American 
Foundation for Tropical Medicine, Inc. 


diagnosis but is useful in determining the prog- 
nosis and in classifying cases of leprosy. 

Since almost all individuals in certain areas of 
the tropics where leprosy is endemic give a positive 
reaction to lepromin, it was necessary to establish 
a baseline for this stud}’ by testing normal indi- 
viduals in a non-endemic area of this country 
(5). Lepromin has not been widely used in the 
United States; no data arc available on the inci- 
dence of reactions in non-endemic areas, and the 
data accumulated on the incidence of reactions in 
endemic areas are not yet available. 

Some investigators believe that sarcoid is 
anergic tuberculosis; therefore, patients with 
tuberculosis were also tested with lepromin. 

MATERIAL 

The lepromin was obtained from the United 
States Public Health Service, through Dr. G. H, 
Faget, Medical Officer in Charge, U. S. Marine 
Hospital, Carvillc, Louisiana (Leprosarium). 
Acid-fast bacilli were demonstrated in the anti- 
gen by staining a drop of the material with carbol- 
fuchsin by the Zichl-Neelsen technique (fig. 1). 
Normal saline was used as a control. 

A small amount of antigen prepared by Dr. 
V. Pardo-Castello of Havana, Cuba, was furnished 
us by Dr. David T. Smith of Duke University, 
Durham, N. C., for comparison with the Carville 
antigen. This material on stain also showed acid- 
fast organisms. 

Tuberculin was obtained from the Forsyth 
County Tuberculosis Sanatorium and from the 
Saranac Laboratory, Saranac, New York. The 
tuberculin control solutions furnished by each 
were used. 

Seventy patients were tested with lepromin. 
These included 5 patients with sarcoid seen in 
their homes; 6 patients with active tuberculosis 
who were confined in the Guilford Countv Tuber- 
culosis Sanatorium, Jamestown, N. c/patients 
with healed or inactive (apparently cured) tuber- 
culosis and individuals suffering from a variety of 
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chronic diseases — 41 patients in all — at the For- 
syth County Hospital, Winston-Salem, N, C.; 
and 18 patients with a variety of acute and chronic 
diseases, including 1 with active tuberculosis on 
the wards of the North Carolina Baptist Hospital, 
Winston-Salem, N. C. The diagnosis of tuber- 
culosis or sarcoid as made by the sanatoria 2 was 
accepted without question. 


One syringe and needle was always used for the 
same test solution, and the syringes and needles 
were never interchanged. After each use they 
were washed with distilled water only, placed in 
marked glass tubes, and sterilized in an autoclave. 

Because the findings in the tuberculous group 
suggested a cross reaction with lepromin, tuber- 
culin tests were done simultaneously with the 





Fig. 1 . Photomicrograph of lepromin antigen stained by the Ziehl-Neelsen technique, shoving dumps of headed, 
acid-fast bacilli. An oil immersion lens was used. 

(IFe arc indebted to Dr. Wiley D . Forbus and Afr. Carl Bishop , Department of Pathology, Duke University School of 

Medicine, for the photomicrographs .) 


ME r HOD 

All injections were made in the skin of the flexor 
surface of the forearm with tuberculin syringes. 
New syringes and needles were obtained for the 
skin tests and were not used for any other purpose. 

2 We are indebted to Dr. Paul Yoder for furnishing 
us a list of patients with sarcoid diagnosed at the 
Forsyth County Sanatorium, and to Dr. M. D. Bonner 
for permitting us to give the test to patients with tuber- 
culosis at the Guilford County Sanatorium. 


lepromin tests on all patients in the latter part of 
the experiment. 

Lepromin was injected in a dose of 0.1 cc. 
Tuberculin and control solutions were freshly 
made up with normal saline to a dilution of 1 : 1 ,000, 
and 0.1 cc. (0.1 mg.) was injected. In some 
instances 0.1 cc. of a 1:100 dilution (1.0 mg.) 
was used. 

In the tuberculous and control groups the lepro- 
min reaction was observed at 20 minutes, and at 
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1, 3, 7, 14, 21, 40, and 56 days following the in- 
jection. The readings on patients with sarcoid 
were done at 20 minutes and 1, 3, 10, 17, 25, 31 
and 40 days. The reaction was recorded in the 
manner suggested by Faget, following Hayashi (4). 
Infiltrated areas 0.3 to 0.5 cm. in diameter were 
classed as 1 plus; those 0.5 to 1.0 cm., as 2 plus; 
those 1.0 cm. and over, and those areas showing 
necrosis or pus, as 3 plus. Erythema without 
induration occurring at 24-48 hours was noted as 
suggested by Fernandez and recorded by the same 
scale as the tuberculin reaction (6). The tuber- 
culin reactions were read at 24 and 48 hours and 
recorded by the usual scale, ranging from 1 to 4 
plus. 

Biopsy specimens were taken from 4 normal 
individuals — 1 on the fifty-second day and 3 on 



composite analysis 1 plus lepromin reactions are 
grouped with the negative reactions in one set of 
data; in the other, 1 plus reactions are grouped as 
positive with 2 and 3 plus reactions (table 1). 

Age, sex, and color did not appear to affect the 
results; hence the detailed data on these matters 
are not included in the charts. 

Time 

In order to simplify the composite analysis, re- 
actions occurring at 1 to 3 days were grouped as 
early, those at 3 to 20 days as medium, and those 
after 20 days as late (table 1). Only 3 instances 
of immediate reactions at 20 minutes with wheal 
and erythema were encountered, all in the control 
group. Only 8 patients who developed early 
reactions (fig. 3) failed to develop late classical 


\ 


i 


Fig. 2. Photograph of slight (1 plus) lepromin reactions at 24 days in a patient with a negative tuberculin 
reaction. The upper reaction is to American antigen and the lower to Cuban antigen. 


the fifty-ninth day. Biopsies were done on tissue 
taken from 1 patient with inactive tuberculosis 
on the fifty-second day, and from 2 patients with 
active pulmonary tuberculosis on the eighth 
day. The biopsy sections were fixed in 10 per 
cent formalin or in Bourn’s solution and were 
stained with hematoxylin and eosin. Acid-fast 
stains were done on some sections. 

RESULTS 

General 

Sixty-three out of 70 patients (90%) gave at 
least a 1 plus reaction at some time (fig. 2); 
41 patients (56%) gave 2 or 3 plus reactions at 
some time. One plus reactions were frequently 
noted, occurring in 29 instances early and in 15 
late. Because of the small size of such reactions 
and their failure to fit any definite pattern, they 
were considered of doubtful significance. In the 


reactions (fig. 4). If 1 plus reactions are included, 
53 patients were positive early and 52 were posi- 
tive late. Of those with 2 and 3 plus reactions, 
24 were positive early and 37 late. 

Disease 

Sarcoid: Of the 5 patients with sarcoid, 3 gave 
1 plus reactions at some time. None gave 2 or 
3 plus reactions (table 2). 

Tuberculosis: Six of the 7 patients confined to 
sanatoria with active or recently arrested tuber- 
culosis showed 2 or 3 plus reactions to lepromin at 
some time; the remaining patient was in the term- 
inal stage of far advanced active tuberculosis 
(table 3A). The reaction increased in intensity 
with increasing time. Five of the 9 patients who 
showed 3 plus reactions were in the tuberculous 
group; this fact is especially striking because of 
the small size of the group. 
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Part B in table 3 shows the results of lepromin 
tests in patients who were apparently cured of 
tuberculosis and who had remained well for in- 
tervals of two years or longer. The diagnosis 
was made on the basis of a recent x-ray examina- 


Miscellaneous diseases (control group): In the 
control group of 58 patients with various diseases 
23 gave early reactions of 2 to 3 plus, 6 tests were 
positive at the medium time, and 31 gave positive 
late reactions (tables 4 and 5). 


TABLE 1 


Composite results of Lepromin tests * 


CASES ; 

DISEASE 

LEPROMIN 4 H-4- 

LEPROMIN 4-H b+~b 

Early 

(precoz) 

Medium 

Late 

(classical) 

Early 

(precoz) 

Medium 

Late 

(classical) 

Days 1-3 

4-20 

21-56 

1-3 

4-20 

21-56 

5 

Sarcoid 

2 

2 

2 

0 

0 

0 

7 

Tuberculosis, active 

1 

6 

7 

1 

2 

6 

58 

Control, total 

50 

32 

43 

23 

6 

31 

24 

Control, Tbcln. unknown 

21 

9 

15 

i 12 

2 

12 

34 

Control, Tbcln. known 

29 

23 

28 

11 

4 

19 

16 

Known Tbcln. 0 - + 

i 13 

i ^ 

10 

5 

o 

6 

18 

Known Tbcln. +4 h + + + 

16 

17 

18 

6 

4 

13 

26 

Known Tbcln. 0 - + 4~ 

22 

15 

20 

9 

3 

13 

8 

Known Tbcln. ++-f 1 — b + + 

7 

8 

8 

2 

1 

6 


By the calculation of standard errors it can be shown that the total control group is homogeneous whether the 
reaction to tuberculin is known or unknown. There is no significant difference in the frequency of positive 
lepromin reactions between the group in which the reaction to tuberculin is known and that in which it is unknown. 

By the calculation of standard errors the comparison of the tuberculous group with either control group is 
significant with regard to 2 and 3 plus lepromin reactions at the late time (Diff./S.E. — 2 2). Because of the 
small number of cases involved the tuberculous group cannot be compared w y ith the sarcoid group. The results 
in the sarcoid group as compared with the control group are probably significant, though the zero in the late 
group of 2 and 3 plus reactions leads to a statistical fallacy. 

* In order that the results of the lepromin tests in various disease processes may be compared, the sarcoid 
group from table 2 is not included in the control group with known tuberculin reactions. 



Fig. 3. Photograph of early or precoz moderately intense (2 plus) lepromin reaction at 24 hours in a patient 
with a 4 plus tuberculin reaction. The tuberculin reaction is on the left, the lepromin reaction on the right. 


tion or of a known history of tuberculosis with 
definite diagnosis and confinement in a sanatorium. 
The reactions to lepromin in this group tended to be 
less marked than in the active or recently arrested 
group. 


Comparison ivith tuberculin 
Because our results suggested that tuberculosis 
might increase the lepromin reaction, 34 patients 
with various chronic diseases in the control group 
and 5 patients with sarcoid were tested simul- 
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taneously with tuberculin and lepromin. For 
this statistical analysis, all patients on whom 
tuberculin tests were done were included (table 5) . 
Twenty-five of the patients were tested with 
1:1,000 tuberculin (table 5, part A) and 14 with 
1:100 dilution of tuberculin (table 5, part B). 
In the summary (table 5), so that various degrees 
of reaction to tuberculin can be compared with 
various degrees of reaction to lepromin, 2 plus 
tuberculin reactions are grouped first with 3 and 
4 plus tuberculin reactions and then with the 
negative and 1 plus reactions. One plus reactions 


response which was qualitatively similar to that 
in normal individuals but quantitatively more 
pronounced. The cells were chiefly large mono- 
nuclears, epithelioid cells, fibroblasts and many 
lymphocytes. Neutrophils and eosinophils were 
few. Giant cells of the Langhans type were pres- 
ent in tuberculous patients. No tubercles or 
lesions readily recognizable as leprosy were seen 
(figs. 5, 6 and 7) . No acid-fast material was found 
after appropriate staining, but serial sections ueie 
not done. The histopathology of the early lepro 
min reaction is well described by Fernandez <6) 



Fig. 4. Photograph of a strongly positive (3 plus) late classical lepromin reaction at 24 da) s in the same pa- 
tient shown in figure 3. The tuberculin reaction on the left shows scaling and a small crust (4 plus); the lepromin 
reaction on the right above (to American antigen) shows a small crust (3 plus); in the reaction on the right below 
(to Cuban antigen) necrosis was minimal (3 plus). 


to lepromin are considered positive in the first 
set of data, and are omitted in the second. Sta- 
tistical analysis by the 2 by 2 table and chi square 
methods strongly suggests a correlation of 2, 3 
and 4 plus tuberculin reactions with 2 and 3 
plus lepromin reactions at 21 days. The trend 
is statistically significant when 1 plus lepromin 
reactions are included as positive. 3 

Comparison of American and Cuban antigens 

Since a similar study was independently and 
simultaneously being conducted by Dr. Kenneth 
D. Weeks and Dr. David T. Smith, using lepromin 
antigen obtained from Cuba, a small amount of 
this material was tested in 13 patients (7). No 
essential difference in activity between the Ameri- 
can and Cuban antigens was noted when they 
were simultaneously injected into the same pa- 
tients. 

Biopsies 

Biopsy specimens taken from the lepromin reac- 
tion in patients with active tuberculosis showed a 

3 We are indebted to Dr. Nash Herndon for statistical 
criticism of our results. 


T\BLE 2 

Lepromin reaction in sarcoid 



DISCUSSION 

Incidence 

It is apparent from this study that unequivocal 
lepromin reactions may be less frequent in a non- 
cndemic area of the United States than in endemic 
areas in the tropics. Among 70 patients with a 
variety of acute and chronic diseases, 41 (56%) 
showed unequivocal (2 or 3 plus) reactions at 
some time. A comparison of these results with 
those obtained in areas in the United States where 
leprosy is endemic, such ns Tc.vns Louisiana 
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Lepromin reaction in tuberculosis 
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ACTIVITY 

u AvMiirvrioK 
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1 

Active 

Far advanced 

2 

Active 

Far advanced 
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Far advanced 
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Minimal 
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Far advanced 
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Arrested 
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Bt ! 
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Apparently cured 
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Apparently cured 
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i<$ 
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\\ 
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12 

Apparently cured 
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* sputum positive at time of test. 
t (.roup Ii is taken from cases in tables 4 ami 5. 
t fibroid type. 
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and Florida, would he extremely helpful in inter- 
pretation. No data in these areas are avail- 
able (8), 

Significance of slight reactions 

It is difficult to compare the incidence of 1 plus 
reactions in this series with results in the tropics. 
Little attempt has been made in reports from other 
areas to differentiate between slight, moderate 
and intense (1, 2, and 3 plus) reactions. Because 
of the small size of the reaction and the absence 
of signs of inflammation, we believe that the slight 
(1 plus) reactions are of little significance and 
should be regarded as non-specific foreign body 
reactions. This point will be discussed more 
fully under the possible mechanism of the reaction. 
We believe that only 2 or 3 plus reactions should 
be considered significant. This view is in agree- 
ment with that of Ecclcs, who has worked with a 
similar antigen in an endemic area of the United 
States (9). 

The relation of sarcoid lo leprosy 

Since none of the small group of patients with 
sarcoid gave more than slight (0 to 1 plus) reac- 
tions, no etiologic relationship between Myco- 
bacterium leprae and sarcoid has been demon- 
strated. These results are in complete agreement 
with those of Weeks and Smith, who simultane- 
ously conducted a similar study in 10 patients 
with sarcoid; negative reactions to lepromin anti- 
gen were obtained in 7 instances and positive re- 
actions in 3 (7). Neither of these studies produced 
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Lepromin compared with tuberculin .4—1:1,000; B— 1:100 
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Statistical analysis hy the X- method indicates significant correlation of tulicrnibn and late lepromin reaction** 
when 1 plus luhcrcuUn reactions are considered negative, and 1 plus lepromin reaction* are c*m:ifcrrd jy^iiiu' 
The same trend is clearly indicated when 1 plus late lepromin reactions are grouped with necatnc rmitior* 

* The 5 patients with sarcoid in table 2 are included here because tuK'amhn tcvt* \urc d me th^> 11 c 
results are recorded in the column which most closely correspond* to the da> noted in tnMc 2. 
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evidence that sarcoid is attenuated or modified po^ible that the body becomes ^cn^iti/cd to some 
tuberculoid leprosy. Fernandez has found early gradually liberated fraction and then reacts as’ 

and late positive lepromin reactions in 89 per cent additional organisms are destroyed in the laxly 

of 71 patients with tuberculoid leprosy (0). The and more sensitizing antigen is released? 
lepromin reaction would therefore seem to be The observations that lepromin reactions wuc 
useful in the differential diagnosis of sarcoid. more intense in patients with active or recently 



Fig. 5. Photomicrograph of a biopsy specimen taken seven days after injection from a 2 plus lepromin reaction 
in the skin of a colored male with active pulmonary tuberculosis. X107. 

Mechanism of (he reaction in relation to tuberculosis arrested tuberculosis and that in these patients 
Little is known of the mechanism of the lepro- they increased in intensity with increasing time 
min reaction, but the presence of acid-fast or- suggest that a cross reaction between the two 
ganisms in the antigen is known to be essential, infecting organisms exists. Mycobacterium leprae 
The increase in the number of positive reactions and Mycobacterium tuberculosis have common 
after the second week would seem to indicate that staining qualities and hcncc probably some similar 
the mechanism of the classical late lepromin reac- chemical characteristics. The apparent correla- 
tion is not comparable to that in the commonly tion between positive classical lepromin reactions 
used skin tests (such as the tuberculin, Shick, and positive tuberculin reactions also suggests the 
Frei), where the reactions occur in 5 days or less, possibility of a biologic cross reaction in the host 
The delay of days or weeks suggests that the lepra between some similar antigens m these organisms, 
bacillus must be broken down by the body before The early or prccoz reaction described by Fer- 
tile active chemical fractions are liberated. Is it nandez, occurring at 24 to 48 hours, was observed 
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(6). In general, the early reaction paralleled the 
late classical (21 day) lepromin reaction in its 
relation to the tuberculin test, though the simi- 
larity was much closer if 1 plus reactions are in- 
cluded. The early reaction was infrequently 
observed in patients with active pulmonary tuber- 
culosis in our series, but this group was small. 
In studying the early reactions, Fernandez used 
unfiltered lepromin antigen as well as the soluble 


reactions occurring in lepers between the soluble 
antigens — chiefly proteins without polysaccharides 
— of Mycobacterium tuberculosis and other acid- 
fast organisms. Some of the antigens employed 
in his study w ere obtained from cultures of “leprosy 
bacilli,” which may or may not have been the 
true Mycobacterium leprae (10). 

Hayashi has reported that 67 per cent of 826 
lepers, regardless of the classification of the leprosy, 



Fig. 6. Photomicrograph of a biopsy specimen taken 62 days after injection from a 1 plus lepromin reaction in 
the skin of a vhite female vho had a 2 plus tuberculin reaction. X107. 


substances remaining after the removal of the 
bacterial bodies by filtration. No attempt was 
made in our study to separate soluble antigens or 
haptens by filtration. It is known that My co- 
bacterium tuberculosis contains several soluble 
antigens, including polysaccharides (carbohydrate) 
and proteins. Mycobacterium leprae probably 
contains similar antigens, which would go into 
solution if the intact organisms were autolvzed or 
mechanically broken up as by grinding. Mc- 
Kinley has discussed in some detail possible cross 


gave positive tuberculin reactions (4). Fernandez 
has reported that in lepers the lepromin and tuber- 
culin tests frequently give divergent results (12). 

Fernandez has further reported that of 26 pa- 
tients who were free of leprosy but who had skin 
tuberculosis or who had been treated intensively 
with B. C. G. (avirulent tubercle bacillus) vac- 
cine, 20 had 2 or 3 plus late classical lepromin 
reactions and 3 had 1 plus late reaction* (1 1). 
In this group, 7 patients had 1 plus tuberculin 
reactions (1:1,000) and 10 had 2 plus reactions 
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but only 5 had 3 plus reactions* In persons com- 
ing from non-endemic countries and supposedly 
free of leprosy, the lepromin and tuberculin tests 
gave the same reactions in 97 per cent of 42 cases; 
91 per cent of the patients had positive reactions 
to tuberculin (12). Fernandez also studied 193 
healthy children in an orphanage. Of 54 with 
positive tuberculin tests, 45 reacted positively to 


common antigen is not a protein; apparently it is 
present in the whole bacillus and can sensitize the 
patient. 

The early reaction of tuberculous patients to the 
filtrate of lepromin observed by Fernandez sug- 
gests an allergic response to a soluble antigen. 
A similar but slightly more prolonged reaction 
has been observed in tuberculous patients by one 








vC'T* ’ 


Fig. 7. Photomicrograph of a biopsy specimen taken at 62 days after injection from a 2 plus lepromin reaction 
in the skin of a white female with apparently cured calcified glandular tuberculosis who had a 4 plus tuberculin 
reaction. X107. 


lepromin; of 139 who had no reaction to 0.1 mg. 
of tuberculin, only 5 reacted to lepromin (12) 
These facts would indicate that the antigen com- 
mon to the two organisms is not a protein similar 
to that found in tuberculin. 

Fernandez has inoculated with B. C. G. vac- 
cine a group of 123 children who had negative 
tuberculin and lepromin reactions. One month 
later the tuberculin reaction was positive in 99 
per cent and the lepromin in 92 per cent (12). 
This experiment confirms the suspicion that the 


of us (Harrell), using a purified lipid fraction of 
Mycobacterium tuberculosis, a phosphatide which 
contains carbohydrate in its molecule; we believe 
that the carbohydrate is liberated in the body as 
the phosphatide is destroyed (13). 

The early reaction to water soluble fractions of 
lepromin, presumably containing easily liberated 
carbohydrate or protein, will not explain the de- 
layed classical lepromin reaction. The prolonged 
reaction with delayed necrosis which results from 
the injection of a second purified lipid fraction of 
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the tubercle bacillus, a wax, suggests that one 
slowly acting fraction of lepromin is a similar 
complex lipid (13). The reaction to the tubercle 
bacillus wax was thought to be non-specific, since 
it occurred also in patients with diseases other than 
tuberculosis. The increased intensity and fre- 
quency of late reactions to lepromin in patients 
with tuberculosis suggest that a lipid or the break- 
down product of a lipid may be common to both 
Mycobacterium leprae and Mycobacterium tuber- 
culosis. 

The mononuclear reaction in tissues is common 
to leprosy, sarcoid and tuberculosis. The re- 
sponse to soluble polysaccharide fractions of add- 
fast organisms is usually polymorphonuclear in 
type. The response to protein, particularly in 
. the presence of allergy, may be eosinophilic or 
polymorphonuclear or it may be chiefly in the 
form of plasma ceils (14). The response to lipids 
is usually mononuclear, though we have observed 
eosinophilic reactions in some instances. A com- 
parison of the cellular response to lipids with that 
observed in the biopsies of the lepromin reaction 
. (figs. 5, 6 and 7) again suggests that a lipid is the 
common factor in the monuclear response observed 
in leprosy, sarcoid and tuberculosis. The quanti- 
tative alteration in the response of tuberculous 
patients suggests an altered reactivity on the 
part of the patients to some fraction of the or- 
ganism, probably a break-down product. The 
number of cases studied is too small for any def- 
inite conclusions to be drawn, but the absence of 
inflammatory or allergic response after 48 hours 
and the presence of a type of large mononuclear 
^ cell suggest that the lipid is a complex one of the 
nature of an acetone-soluble fat or wax. 

Diagnostic value 

Why are reactions to lepromin so frequent in 
endemic areas? Some may be due to cross reac- 
tions with tuberculosis, as has been discussed 
already; further study may show that lepromin 
could be used for the diagnosis of certain forms of 
leprosy in the tropics in patients who have no 
demonstrable tuberculosis. It seems unlikely, 
however, that tuberculosis is sufficiently prevalent 
in the tropics to account for the very high inci- 
dence of positive lepromin reactions. 

It is usually said that leprosy is a disease of low 
contagion, requiring long exposure, but that, when 
cnee contracted, it is of relatively high virulence — 
low curability. This theory will not explain why 


children of lepers who are not separated from their 
parents soon after birth develop within one year 
positive lepromin reactions, even in the absence of 
clinical or laboratory evidence of infection (15). 
The presence of a positive lepromin test in these 
children in the absence of demonstrable infection 
indicates that the disease is one of high contagion 
but relatively low virulence — high curability. 
Regular exposures to small numbers of Mycobac- 
terium leprae for a short time may be more im- 
portant in the pathogenesis of the disease than 
haphazard exposures over a considerable length of 
time. These facts are true of tuberculosis and 
may be equally true of leprosy. 

If the mechanism of the lepromin reaction sug- 
gested above is correct, it is probable that neither 
the protein nor the carbohydrate fraction of the 
tubercle bacillus could alone be used to rule out 
tuberculosis so that the classical lepromin reaction 
could be used for the diagnosis of leprosy. Addi- 
tional studies of early reactions should be made 
and the carbohydrate and protein fractions of 
mycobacterium tuberculosis should be compared 
with filtrates of lepromin presumably^containing 
similar antigens. For clarification of the mecha- 
nism of the late classical reaction additional chem- 
ical study of the purified lipids of Mycobacterium 
tuberculosis in relation to purified lipids of Myco- 
bacterium leprae should be made, if the latter 
organism can be recovered in sufficient quantities 
to be subjected to chemical analysis, such as that 
described by Anderson (16). McKinley has 
tested the phosphatide, leprosin, and leprosinic 
arid fractions of a supposed strain of Mycobac- 
terium leprae (10). 

Lack of an adequate control solution 

At the present time the control solution used in 
the performance of the lepromin test is not ade- 
quate. Saline may detect a highly irritable skin 
which would give false positive early reactions, 
but this solution is useless as a control for the late 
classical reaction. A control for the delayed re- 
sponse should be composed of some material 
which must be broken down slowly over days or 
weeks. Suspensions of tuberculous tissue derived 
from guinea pigs have been used, but these intro- 
duce possible error through reactivity to foreign 
animal protein. Suspensions of tubercle bacilli 
have been used by Cummins in studying the 
mechanism of the lepromin reaction, but the pos- 
sibility of a lipid fraction common to the two 
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organisms makes such a suspension unsuitable as 
a control (17). Perhaps a suspension of timothy 
bacillus, a non-pathogenic, acid-fast organism, 
might be satisfactory. The chemical analysis of 
Mycobacterium leprae should indicate compounds 
which are known to be non-reactive, and are suf- 
ficiently similar to fractions of the bacillus to be 
used as controls. 

Suggested methods for the recovery of Mycobacterium 
leprae 

The mononuclear reaction in tissues is common 
to leprosy, sarcoid and tuberculosis. In lepro- 
matous leprosy the organisms are found in mono- 
nuclear cells, and in large numbers. Does the 
living monocyte iurmsh a substance essentiat lot 
the growth of Mycobacterium leprae? It is known 
that viruses and rickettsias grow only in living 
tissue cells and cannot be recovered on artificial 
media. Therefore, attempts should be made to 
recover Mycobacterium leprae from lesions by 
inoculation of infected material into tissue cul- 
tures of monocytes, or by injection into chick 
eggs, probably the chorio-allantoic membrane. 

Why have animal inoculations failed to produce 
progressive disease? Must repeated injection of 
organisms be given in order to mobilize sufficient 
monocytes to insure a fertile soil? From the 
accepted facts concerning the epidemiology of 
leprosy it is apparent that repeated exposures over 
an appreciable period of time are necessary to 
produce the disease. Experiments with animals 
have consisted chiefly in single inoculations of 
infected material. It may be necessary to give 
daily inoculations over a period of months in order 
to build up an infecting dose of organisms. Such 
methods for recovery of the organisms will more 
closely approximate the conditions under which 
the infection is acquired naturally. 

SUMMARY 

1. In patients with sarcoid, reactions to lepro- 
min were infrequent and slight; no indication was 
found that sarcoid is atypical tuberculoid leprosy. 

2. Slight (1 plus) lepromin reactions are of 
doubtful significance. 

3. The incidence of intense or moderately in- 
tense lepromin reactions in a control group of 
persons in a non-endcmic area of the United States 
is less than that in endemic areas of the tropics, 

4. Strongly positive late lepromin reactions 
occurred in patients with active pulmonary tuber- 
culosis. 


5. The high incidence of intense or moderately 
intense lepromin reactions in persons with strongly 
positive tuberculin tests suggests the presence of 
common sensitizing antigens. 

6. A possible mechanism based on soluble pro- 
tein or polysaccharide antigens is suggested to 
explain the early lepromin reactions observed in 
persons with positive tuberculin reactions. 

7. The possibility^ is suggested that the mecha- 
nism of the late lepromin reactions in persons with 
positive tuberculin tests, or with active pulmonary 
tuberculosis, may be related to insoluble, firmly 
bound lipid fractions which would be slowly lib- 
erated by destruction of Mycobacterium leprae 
in tissues. 

S>. "By comparison wAh the ceYiuiar response to 
purified lipid fractions of Mycobacterium tuber- 
culosis, the mononuclear response to lepromin 
observed at biopsy further suggests a lipid as the 
active chemical fraction. 

9. If tuberculosis is ruled out by a suitable 
control substance, lepromin may prove useful in 
the diagnosis as well as the prognosis of leprosy. 

10. No adequate control substance for inter- 
pretation of the late lepromin reaction has yet 
been introduced. 

11. Leprosy may be, like tuberculosis, a dis- 
ease of high contagion, slow progression, and high 
curability, requiring repeated regular exposures to 
the infecting organisms. 

12. Attempts should be made to recover Myco- 
bacterium leprae by inoculation of tissue cultures 
of monocytes or of chick egg chorio-allantoic mem- 
brane with infected material, since pathologic 
evidence suggests that the living monocyte fur- 
nishes a substance essential for growth of the or- 
ganism. Attempts to reproduce the disease should 
also be made by frequent inoculations of living 
organisms into animals over a long period of time. 
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